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-A.DDIIESS. 


The  University  of  Minnesota,  ) 

Minneapolis,  Minn.,         > 

December  81,  1876.      ) 

To  the  President  of  the  University: 

DsAB  Snt : — I  have  the  honor  to  offer,  and  to  transmit  through 
you  to  the  Board  of  Regents  of  the  State  Uniyersity,  the  Annual 
Report  required  by  law  on  the  progress  of  the  Geological*  and  Nat- 
ural History  Survey  of  the  State,  being  the  ififth  since  the  beginning 
of  the  survey. 

Very  respectfully. 

Your  obedient  servant, 

N.  H.  WINCHELL. 
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REPORT. 


I. 

SUMMARY  STATEMENT. 


The  field  woi^  of  the  survey  was  continued  during  a  portion  of 
the  season  of  1876,  in  the  southeastern  portion  of  the  state,  where 
the  county  of  Houston,  which  borders  on  the  Mississippi  river, 
was  examined  in  detail,  and  is  herewith  reported,  with  the  necessary 
maps  ^d  diagrams.  Later  in  the  season  the  county  of  Hennepin 
was  surveyed  in  the  same  manner.  It  was  hoped  that  by  an  exam- 
ination of  these  two  counties,  the  latter  of  which  embraces  the 
interesting  locality  of  the  Falls  of  St.  Anthony,  which  have  receded 
several  miles  up  the  Mississippi  from  the  point  at  which  they  ex- 
isted in  earlier  geological  ages,  some  new  light  would  be  thrown 
on  some  of  the  problems  that  invest  the  history  of  the  drift,  and 
which  have  presented  themselves  in  new  phases  in  the  counties  of 
Fillmore  and  Houston.  In  the  detailed  reports  on  Hennepin  and 
Houston  counties  these  problems  are  briefly  discussed,  in  the  light 
of  such  facts  as  we  .possess.  In  the  further  examination  of  the 
region  of  the  Falls  of  St.  Anthony,  which  embraces  parts  of  the 
counties  of  Ramsey,  Washington  ad  Dakota,  the  remainder  of  the 
great  gorge  excavated  by  the  recession  of  the  falls  will  come  under 
careful  inspection.  Until  these  counties  are  surveyed  the  history 
of  this  excavation  cannot  be  given.  Some  progress  has,  however, 
been  made  in  this  jmteresting  investigation. 

In  the  latter  part  of  August  an  examination  of  the  fossils  of  the 
Trenton  was  begun,  including  those  of  the  Galena  division.  This 
is  our  chiefly  fossiliforous  formation.  Favorable  opportunities  for 
collecting  fossils  from  the  Lower  Trenton  exist  at  Minneapolis  and 
at  St.  Paul.  Tolerably  full  collections  of  its  fossils  are  found  in  the 
possession  of  the  survey,  which,  added  to  those  of  the  Academies 
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of  Science  at  St.  Paul  and  Minneapolis,  will  make  it  possible  fo 
give,  finally,  a  pretty  good  description  of  the  Trenton  fauna,  as 
exemplified  in  Minnesota.  In  this  examination,  which  is  but  just 
begun,  there  have  been  identified,  at  least  provisionally — 

10  species  of  Cephalopoda. 
*      ]  1  species  of  Gasteropoda. 

11  species  of  Brachiopoda. 

8  species  of  Polyp  Radiates. 
2  species  of  Crostacea. 
2  species  of  Protozoa. 

These  are  entirely  from  points  in  the  southern  part  of  the  state. 
Several  species  havQ  been  met  with  that  cannot  be  identified  by 
any  published  descriptions,  and  a  few  drawings  have  been  made. 

In  this  connection  should  be  mentioned  the  interesting  fact  that 
somer^indications  have  been  discovered  of  an  unconformability 
between  ihe  Devonian  and  Silurian  which  will  necessitate  changes 
in  the  colored  county  maps  that  have  been  published.  This  evi- 
dence is  at  present  entirely  of,  a  palaeontologieal  character,  and 
shows  the  necessity  of  keeping  that  branch  of  the  work  abreast 
of  the  field  work.  In  the  western  part  of  Fillmore  county  the 
Niagara  limestone  seems  to  be  wanting,  or  at  least  reduced  to  in 
significant  dimensions,  since  the  Lower  Devonian,  or  what  has 
been  regarded  hitherto  as  rock  of  that  •  age,  lies  but  a  few  feet 
above  that  which  contains  undoubted  Trenton  fossils.  Further 
examination  of  these  outcrops  is  needed  bfefore  the  question  can  be 
fully  settled. 

In  respect  to  the  chemical  work  of  the  survey  the  report  of 
Prof.  Peckham  shows  what  has  been  done.  It  is  highly  desirable 
that  there  be  no  further  obstacles  to  the  vigorous  prosecution  of 
the  chemical  investigations.  The  laboratory  is  now  completed 
and  well  equipped. 

In  December,  1875,  the  Board  of  Regents  took  action  ordering 
the  commencement  of  thorough  botanical  observations,  and  the 
collection  of  specimens  at  the  State  University.  A  circular  was 
issued  asking  the  co-operation  of  the  botanists  of  the  state,  and 
prescribing  general  directions  for  the  work.  A  number  of  favor- 
able responses  have  been  received,  and  several  valuable  papers  on 
the  flora  of  dilBferent  localities  have  been  contributed.  This  por- 
tion of  the  work  of  the  survey  seems  to  have  been  eagerly  taken 
hold  of,  and  there  is  every  prospect  that  the  botany  of  the  state 
will  be  thoroughly  and  at  the  same  time  economically  worked  up. 
Ultimately  the  aid  of  an  expert  will  be  needed  to  compare  and 
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•digest  the  material  that  may  be  gathered.  It  will  certainly  be 
vastly  cheaper,  as  well  as  more  satisfactory  to  the  people  of  the 
«tate,  to  carry  on  this  great  work  of  a  state  survey  as  a  wni^,  with 
its  different  parts  in  harmony  where  each  can  aid  the  other  by  the 
various  opportunities  that  arise,  than  by  scattering  it  along  so 
that  each  part  is  done  separately.  This  is  particularly  true  of  the 
field-work.  This  economy  and  co-operation  is  so  palpably  essen- 
tial that  it  has  already  been  demanded  by  the  intelligent  press  of 
the  state.*  / 

The  Board,  of  Regents  have  also  taken  action  looking  to  the 
examination  of  the  ornithology  of  the  state,  in  the  appointment 
of  Dr.  P.  L.  Hatch  as  orhithologist.  His  results,  heretofore  pub- 
lished only  in  the  Proceedings  of  the  Minnesota  Academy  of 
Natural  Science,  will  hereafter  be  reported  to  the  survey,  and 
ultimately  a  complete  memoir  on  the  Birds  of  Minnesota  will  be 
prepared.  It  is  to  be  regretted  that  some  such  action  had  not  been 
taken  before,  since  many  good  specimens,  and  needed  information 
from  different  parts  of  the  state  might  have  been  secured  with  but 
little  extra  expense,  in  the  prosecution  of  the  field-work  of  the 
survey.  Mr.  Herrick  has  also  collected  about  a  hundred  species 
of  birds  in  the  immediate  vicinity  of  Minneapolis,  which  are 
stored  in  the  Museum. 

The  entomology  of  the  state  was  also  begun  by  the  Board  of 
Regents  the  past  year,  by  the  appointment  of  an  entomologist  to 
the  survey,  and  his  first  report  is  herewith  published.  He  was 
instructed  to  confine  himself  to  an  investigation  of  insects  inju- 
rious to  farm  products,  especially  to  the  ravages  of  the  Rocky 
Mountain  locust.  This  investigation  was  begun  the  year  before 
by  Mr.  Whitman,  under  instructions  from  Gov.  C.  K.  Davis. 

Further  correspondence  has  been  had  with  Col.  C.  B.  Comstock, 
in  charge  of  the  United  States  survey  of  the  lakes,  in  reference  to 
the  determination  of  the  latitude  and  longitude  of  points  in  Min- 
nesota J:)y  the  officers  of  the  Lake  Survey.  At  his  request  certain 
points  were  designated,  the  latitude  and  longitude  of  which,  if  ascer- 
tained, would  aid  the  Geological  and  Natural  History  Survey  of  the 
state.  In  connection  with  the  survey  of  Houston  and  Hennepin 
counties  the  usual  topographical  data  are  given. 

A  complete  series  of  meteorological  observations  should  be  estab- 
lished at  the  State  University.  They  are  especially  appropriate 
to  the  Agricultural  College.  The  law  ordering  the  survey  requires 
the  tabulation  of  statistics  relating  to  the  weather,  and  the  investi- 

*  Compare  the  First  Annntfl  Report  on  the  progress  of  the  saryey,  Regents*  Report,  pp 
41, 44,  and  119:  also  the  Fourth  Annual  Report,  p.  11. 
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gaiion  of  the  climate  of  Minnesota.    An  incomplete  series  of  obser* 

vations  has  been  kept  up  by  the  writer  at  Minneapolis  since  the 

beginning  of  the  survey  and  reported  to  the  Chief  Signal  Officer  of 

the  Army  at  Washington.    It  requires,  however,  an  outlay  of 

about  one  hundred  dollars  for  instruments  to  carry  on  the  fiill 

series  of  observations  contemplated  by  the  Chief  Signal  Officer. 

To  make  a  comparative  study  of  the  climate  of  Minnesota  and  of 

the  northwest,  with  a  view  to  the  elimination  and  explanation  of 

any  peculiarities  that  Minnesota  may  possess,  the  observations  of 

many  observers  at  widely  distant  points  must  be  collated.    It  is 

hoped  that  the  survey  may  be  able  to  avail  itself  of,  if  not  to  insti* 

tute,  complete  observations  made  at  the  University.    The  Monthly 

weather  Reviews,  which  are  received  regularly  by  the  University 

Library,  will  be  of  the  greatest  service  in  accomplishing  this  work. 

The  year  has  been  one  of  special  activity  in  the  University 

Museum.     Besides  the  display  of  the  casts  of  fossilp  purchased  of 

Prof.   H.  A.  Ward,  and  the  mammals  obtained  in  the  Custer        7 

expedition  to  the  Black  Hills,  in  1874,  the  invertebrates  purchased       >^ 

of  H.  T.  Woodman  in  1872  have  been  examined  and  labeled,  and 

placed  on  exhibition.     Considerable  collections  of  plants  have 

been  made,  including  some  fungi ;  about  a  hundred  species  of  birds       / 

have  been  prepared  for  mounting,  and  several  hundred  specimens       ^ 

illustrating  the  paleontology  of  the  Trenton  formation  have  been       i 

named,  and  await  the  construction  of  cases  for  exhibition.     At 

the  close  of  the  Centennial  exhibition  at  Philadelphia  eight  boxes       I 

of  ores  and  minerals  were  obtained  from  the  various  exhibits^        t^ 

mostly  by  donation,  and  have  already  been  safely  deposited  in  the 

storage  room  in  the  basement  of  the  University,  where,  along      "  i 

vrith  more  than  forty  other  similar  boxes  and  cases^  they  also  await      ^^ 

the  construction  of  other  cases  for  their  exhibition.    In  addition  to       *  j 

these  a  purchase  was  made  at  Hoboken,  N.  J.,  of  a  fine  general  col-      A 

lection  of  mineral  species,  with  many  duplicates,  especially  intended      ^ 

to  illustrate  mineralogy.     These  consist  very  largely  of  crystalline      %. 

forms.     This  collection,  costing  $400,  will  comprise  at  least  forty     jjjr 

boxes  in  excess  of  those  already   mentioned.     For  full  details     >p. 

in  respect  to  the  Museum  the  reader  is  referred  to  the  report  on     [| 

the  Museum.  :  ^ 
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II. 

THE  GEOLOGY  OF  HOUSTON  COUNTY. 


Situation  and  Area. 

This  county  is  the  most  southeasterly  in  the  state,  and  contains 
sixteen  government  towns,  forming  very  nearly  an  exact  square. 
Its  area  is  rfbout  676  square  miles,  or  364,084.79  acres,  according 
to  the  records  of  the  State  Land  OflBce.  It  contains  no  lakes;  but 
there  are  low  lands  both  along  Root  river,  and  along  the  Missis- 
sippi, between  the  high  bluflfs,  which  are  flooded  most  of  the  year. 
These  lands  when  meandered  by  the  original  survey,  and  the 
actual  water  areA  of  these  rivers  within  the  county,  should  be 
added  to  the  aggregate  acreage  as  above  stated.  The  county  s^at 
is  Caledonia.  Houston,  Hokah  and  Brownsville  are  the  other 
principal  towns,  the  last  being  the  oldest  in  the  county,  having 
been  settled  in  June,  1848. 

Natural  Drainage. 

The  general  drainage  is  toward  the  Mississippi  river,  which  lies 
along  the  east  side  of  the  county.  Through  the  northern  tier  of 
towns  Root  river  passes  to  the  Mississippi.  Thompson's  creek 
joins  it  from  the  southwest  at  Hokah*,  and  the  south  fork  of  Root 
river  at  Houston.  It  receives  Money  creek.  Silver  creek  and 
Stover  creek  from  the  north,  while  Pine  creek  passes  through  the 
township  of  La  Crescent  and  jdns  the  Mississippi  from  the  north- 
west a  few  miles  below  the  village  of  La  Crescent.  Winnebago 
and  Crooked  creeks  drain  the  southeastern  portion  of  the  county. 
There  being  no  foreign  drift  in  this  county,  these  streams  run  in 
their  ancient  channels  and  several  hundred  feet  below  the  general 
upland  level.  The  loam  which  covers  the  county  is  generally  al- 
most impervious  to  water,  so  that  these  deep  drainage  courses  do 
not  operate  to  abstract  the  moisture  from  the  surface  soils  so  dis- 
2 
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asti'ously  as  they  would  in  more  saiidy  soils.  It  is  only  along  the 
immediate  river  bluffs  that  any  injury  to  thcv  soils  from  this  cause 
is  noticeable.  These  streams  furnish  water  power  at  frequent 
points,  even  more  than  have  been  improved.  At  some  of  these 
points  the  following  flouring  mills  h^ve  been  erected : 

At  Riceford,  on  Crystal  creek,  one  custom  mill,  by  Oatman  and 
Co.,  having  a  power  of  18  feet  head.  This  creek* issues  from  the 
rock  bluffis  within  a  few  miles  of  Riceford,  nearly  all  in  one 
volume. 

At  Riceford  Mr.  V.  T.  Beebe  also  has  a  custom  mill  with  12  feet 
head  of  water. 

There  is  a  custom  mill  on  Bear  creek,  near  the  state  line,  (Sec. 
34,  Spring  Grove,)  owned  by  Mr.  Swartzboff. 

At  Freeburg,  on  Crooked  creek,  is  a  custom  mill  owned  by  Hill 
and  Graff,  with  16  feet  head  of  water,  and  a  sawmill  owned  by 
Wm.  Oxford.     Here  are  also  two  other  mill  privileges. 

On  Winnebago  creek  (Sec.  22  Winnebago)  is  a  stoae  mill  owned 
by  B.  T.  Barbour,  and  on  Sec.  15  a  custom  mill  owned  by  Mc- 
Millin,  Johnson  &  Clark. 

At  Sheldon,  on  Beaver  creek,  is  a  mill  of  12  feet  power,  owned 
by  John  Blain,  and  another  of  the  same  power  owned  by  Snyder 
Brothers. 

J.  &  C.  B.  Howe  have  a  saw  mill  on  Sec.  24,  Yucatan. 

Nathan  Vance  has  a  flouring  mill  on  Sec.  12,  Money  creek,  with 
12  feet  fall.  Fox  and  Perkins  have  another  on  Sec.  30,  with  10 
feet  power,  from  which  shipments  are  made  by  railroad. 

There  is  a  mill  at  Houston  with  7  feet  fall,  in  the  Root  river, 
belonging  to  Mr.  Grorsland. 

There  is  a  shipping  and  custom  mill  SE.  i  Sec.  23,  Houston, 
with  20  feet  power,  owned  by  G.  W.  McSpadden. 

At  Brownsville  ^re  two  mills,  one  by  Shaller  Bros,  of  2  run  of 
stone,  and  12  feet  power,  for  shipping  flour,  and  the  other  by  J, 
Hankey,  of  5  feet  power  and  one  run,  for  custom. 

At  Hokah  all  the  mills  ship  flour.  One  is  owned  by  C.  Fischer, 
situated  on  Thompson  creek,  and  has  24  feet  of  water  fall ;  another 
by  White  and  Brothers,  and  a  third  by  E.  Thompson.  The  last 
two  have  a  fall  of  9  feet  in  Root  river.  At  Hokah  the  Railroad 
Machine  Shops,  and  the  Plow  Factory  also  run  by  water  power. 

There  is  also  a  mill  on  Pine  creek,  near  the  county  line  (Sec.  3 
La  Crescent,)  with  4  run  of  stone,  and  13  feet  fall,  owned  by  Graff 
&  Co.,  for  custom  and  shipping  ;  and  another  on  the  same  creek, 
S.  W.  i  Sec  9,  by  J.  D.  Cameron,  having  9  feet  fall  and  4  run  of 
stone,  for  shipping. 
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The  Toledo  Woolen  Mill,  by  Fletcher  and  Webster,  S.  W.  i  Sec. 
5,  La  Crescent,  on  Pine  creek,  has  7  feet  power.  This  is  built  of 
stone  quarried  near. 

Surface  Features, 

The  topography  of  Houston  county  is  very  similar  to  that  of 
the  eastern,   and  particularly  that  of  the  northeastern  part  of 
Fillmore  county.     Taken  altogether  it  is  produced  by  the  same 
causes.     The  strata  cover  the  same*  geological  horizons,  at  least 
the  same  as  the  non-drift-covered  portions  of  Fillmore  county.    It 
varies  from  undulating  to  rough  and  hilly.     The  surface  of  the 
rock  was  gorged  by  numerous  canons,  each  with  its  tributary 
gorges,  prior  to 'the  spreading  of  the  loam.     These  gorges  are 
not  so  narrow  as  in  much  of  the  western  and  central  parts  of 
Fillmore  county,  but  are  of  the  same  character  as  those  in  the 
Shakopee  and  St.  Croix  areas — broader  and  smoother,  allowing  the 
loam,  when  deposited,  to  enter  their  deepest  recesses  and  to  spread 
itself  evenly  over  the  whole.     While  the  loam  itself  becomes 
thicker  and  mo^  clayey  toward  the  Mississippi  river,  it  has  so 
efiFectually  and  so  deeply  covered  the  whole  country  that  generally 
a  rolling  or  undulating  surface  has  resulted  which  is  almost  free 
from  the  peculiar  sink-holes  so  common  in  the  Trenton  area,  but 
is  characterized  by  deep,  wide  valleys  and  long  ridges.     The  bluffs 
that  enclose  the  valleys  are  sometimes  tillable,  or  at  least  turfed 
over  from  top  to  bottom.     They  are  of  all  bights  from  the  more 
shallow  depression  suflScient  for  ready  drainage,  to  valley  lines 
over  five  hundred  feet  deep.      The  whole  of  Root  river  valley, 
which  is  in  the  St.  Croix  sandstone,  is  over  five  hundred  feet  in 
depth,  with  limestone  capping  the  bluffs.     Some  of  its  tributary 
valleys  are  equally  deep  and  wide,  but  the  smaller  tributary  valleys 
become  shallow  and  more  rocky  as  the  gorges  ascend  in  the  Lower 
Magnesian — the  whole  system  making  a  series  of  deep  valleys 
-  along  the  river  and  of  alternating  vales  and  ridges  at  greater  dis- 
tance from  the  main  valley.     The  county  is  nowhere  destitute  of 
excellent  natural  drainage.     There  are  very  few  of  the  character- 
istic sink-holes  of  the  Trenton,  that  formation  having  but  a  small 
superficies  in  the  county,  and  that  not  within  the  reach  of  import- 
ant drainage  couses  which  were  capable  of   producing  the   pre- 
glacial  gorges:     Within  the  Shakopee  area  have  been  seen  three 
or  four  similar  sink -holes,  but  they  differ  from  the  Trenton  sink- 
holes in  being  more  plainly  a  part  of  continuous  ravines  and  in 
being  broader  in  comparison  to  their  depth. 


Digitized  by 


Google 


12  0E0L06ICAL  AND  NATURAL  HISTOBT 

If  the  valleys  excavated  by  drainage  were  filled  up,  the  county 
would  be  very  nearly  flat,  the  highest  part  being  in  the  south- 
western comer,  in  the  area  of  the  Trenton  limestone.     The  great 
diversity  of  surface  that  appears  arises  entirely  from  the  effect  of 
erosion  by  streams  and  atmospheric  forces,  on  the  rocks,  which 
consist  of  alternating  sandstones  and  limestones.    This  effect  would 
be  still  greater,  or  rather  would  be  still  more  apparent,  were  it  not 
that  the  loess  loam,  which  is  very  thick  in  this  part  of  the  state, 
tones  down,  with  its  overspreading  canopy,  the  roughness  which 
the  rocky  surface  really  possesses,  leaving  it  actually  one  of  an 
imdulating  or  rolling  character  except  along  the  immediate  river 
bluffs,  where  the  rocks  frequently  appear  in  craggy  bluffs  and 
cause  precipitous  or  steep  hillsides.    The  valleys  excavated  by  ttie 
streams  are  remarkable  and  instructive.     Not  only  have  the  larger 
streams  cut  out  gorges  of  enormous  depth  in  the  rocky  floors  on 
which  they  run,  but  every  little  creek  and  tributary  runs  in  a  gorge 
which  shows  the  same  rock-sculpture.     Even  the  freshet  creeks, 
and  the  rivulets  bom  after  every  summer  shower,  dry  entirely  the 
greater  part  of  the  year,  find  their  way  to  the  main  valleys  through 
rock-bound,  canon-like  valleys.     This  makes  the  county  present 
the  usual  characters  of  southern  latitudes  where  tne  northern  drift 
sheet  has  not  been  spread.     There  is  nothing  more  evident  than 
that  these  valleys  antedate  to  the  great  ice  age.    In  other  portions  of 
the  northwest  where  the  drift  does  prevail,  larger  streams  than 
those  found  in  Houston  county  have  generally  worn  their  cl^mnels 
only  through  the  drift  sheet.     The  Mississippi  river  itself,  above 
the  Falls  of  St.  Anthony,  has  no  rocky  bluffs.     It  very  rarely  even 
strikes  the  rock.    It  is  occupied  still  in  dissolving  and  removing 
the  materials  of  the  drift  which  covers  that  portion  of  the  state. 
It  would  require  a  great  many  interglacial  periods,  or  pre-glacial 
periods,  to  excavate  it  as  deeply  as  the  same  valley  is  wrought  in 
the  southeastern  portion  of  the  state.     In  the  limestone  areas  the 
valleys  are  narrow  and  more  generally  rock-bound ;  they  widen 
out  so  as  to  inclose  good  farm  lands  on  the  bottoms  in  the  sand- 
stone areas.     This  distinction,  however,  is  less  evident  than  in 
Fillmore  county,  where  the  St.  Peter  sandstone  plays  a  more  im- 
portant part  in  bringing  about  the  present  topography.     It  is, 
however,  well  illustrated  in  the  upper  portion  of  many  of  the  trib- 
utaries of  Root  river.     In  descending  one  of  these  valleys  from  the 
upland  the  first  descent  is  very  rocky  and  very  impracticable.     This 
is  caused  at  first  by  the  cut  through  the  Shakopee  limestone.     The 
Jordan  sandstone  that  underlies  the  Shakopee  sometimes  relieves 
this  ruggedness  a  little,  but  its  thickness  is  so  small  compared  to 
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that  of  the  whole  Lower  Magnesian  that  it  is  barely  obserrable  in 
this  way.  Through  the  underlying  St.  Lawrence  limestone  the ' 
descent  is  also  rough  and  the  valley  narrow,  with  little  or  no 
arable  land  in  the  valley.  On  reaching  the  horizon  of  the  top 
of  the  St.  Croix  sandstone  the  change  introduced  into  the  aspect 
of  the  valley  is  very  noticeable.  It  widens,  the  rock  is  seen  ex- 
posed in  a  nearly  continuous  escarpment  aldhg  the  tops  of  the  now 
more  distant  blufis,  the  descent  is  easy,  the  stream  flows  with 
a  winding  course.,  and  is  perhaps  fringed  with  a  sinall  shrubby 
growth,  the  lower  slopes  of  the  bluffs  on  either  side  are  turf -cov- 
ered, and  finally  a  rich  alluvial  soil,  spreading  out  over  the  bottoms 
shows  here  and  there  a  spot  that  has  been  cleared  and  cultivated. 
This  character  then  extends  to,  and  follows,  the  whole  course  of 
Boot  river  to  jts  mouth,  the  valley  constantly  increasing  in  width, 
and  showing  a  terraced  condition,  where  ancient  floods  or  periods 
of  high  water  have  stood,  and  whence,  after  vast  accumulations  of 
alluvium,  have  retired,  reducing  the  river  at  last  to  its  present 
insignificant  dimensions.  This  is  the  general  character  of  the 
valleys  tributary  to  Root  river,  but  this  succession  of  changes  can 
be  seen  within  Houston  county  only  in  those  tributary  valleys  on 
the  south  side  of  Root  river.  Those  on  the  north  side  enter  on 
the  St.  Croix  sandstone  before  reaching  Houston  county.  The 
best  agricultural  portion  of  the  county  is  in  the  center  and  south- 
west quarter.  The  valleys  throughout  the  county  are  generally 
wooded,  and  in  the  eastern  part  of  the  county  a  great  deal  of  the 
upland  is  also  wooded.  Taken  altogether  the  county  may  be  de- 
nominated rolling,  broken  and  hilly,  though  there  are  siao  some 
fine  prairies  that  are  simply  undulating.  All  the  farms  are  well 
drained  naturally. 

The  following  measurements  by  aneroid  will  show  the  depth  of 
some  of  the  valleys  below  the  immediate  upland  at  the  points 
named.* 

Sec.  17,  Caledonia,  3  miles  south  of  Sheldon.  Beaver  creek,  at 
the  great  spring,  is  230  feet  below  the  tops  of  the  bluffs,  Which 
embrace  the  Shakopee  limestone,  Jordan  sandstone  and  a  part  of 
the  St.  Lawrence  limestone. 

At  Sheldon  the  bluffs  are  420  feet  high. 

At  Houston  the  bluffs  north  of  the  city  are  520  feet  above  the 
level  of  water  in  Root  river  in  summer. 

At  Hokah  Mt.  Tom  rises  530  feet  above  the  flood  plain  of  Root 
river. 

On  Sec.  11,  Union,  the  ridge  between  Thompson's  creek  and 
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the  Railroad,  at  the  sculptured  rock,  rises  356  feet  above  the  high- 
way directly  south  of  the  ridge. 

At  Brownsville  the  hight  of  the  bluff  above  the  flood  plain  of 
the  Mississippi  is  495  feet.  Mr.  Fred.  Gluck,  of  Brownsville, 
measured  the  same  ])y  triangulation  in  the  winter  season,  and  ob- 
tained 486  feet  as  the  hight  above  the  ice.  Railroad  surveyors  are 
said  to  have  obtained  483  feet  as  the  hight  of  the  same  bluff.  The 
most  of  this  hight  is  made  up  of  sandstone,  there  being  but  105 
feet  of  limestone  in  the  upper  part  of  the  bluff,  belonging  to  the 
St.  Lawrence  formation. 

Elevations  on  the  Caledonia  and  Mississippi  Railroad. 

This  road  runs  from  the  Mississippi  river  westward  14i  miles  up 
the  valley  of  Crooked  creek.  It  is  graded,  but  not  yet  furnished 
with  track.  These  levels  were  furnished  by  Mr.  Till,  engineer  of 
the  road.  The  datum  is  the  level  of  the  track  of  the  C.  D.  &  M. 
R.  R.,  just  north  of  Crooked  creek.  Sec.  35,  Town  102  N.,  Range 
1  W.: 

Datum 0. 

Freeburg. 21.92 

Water  at  Oxford's  dam,  Freebnrg 42.95 

Crossing  of  Crooked  creek  at  Sec.  86,  102  N.,  R.  1  W.  (Powlesland's) 

bottom 56.82 

Crossing  of  Crooked  creek  at  Sec.  86,  102  N.,  R.  1  W.  (Powlesland's) 

grade 65.82 

Crossing  of  Crooked  creek,  SB.  i  Sec.  26,  102  N.,  2  W.,  below  the 

Junction  of  S.  Fork— bottom 76.74 

Crossing  of  Crooked  creek,  SE.  i,  Sec.  26,  102  N.,  2  W.,  below  the 

Junction  of  S.  Fork— grade 86.^4 

Snrfiftce  of  water  at  crossing  of  Crooked  creek,  NB.  i  Sec.  22,  May- 

ville ;  152.13 

Bottom  of  creek  at  crossing  of  Crooked  creek,  NE.  i  Sec.  22,  May- 

vUle 161.85 

Bottom  of  creek  at  second  crossing  below  John  Mentor's,  Sec.  16, 

MayvlUe 286.70 

Grade  at  second  crossing  below  John  Mentor's,  Sec.  16,  MayvlUe. ..  214.87 
Bottom  of  creek  at  firsfcrossltig  below  John  Molitor's,  Sec.  16,  May- 
vlUe  250.77 

Grade  at  first  crossing  below  John  Mentor's,  Sec  16,  MayvUle 256.72 

Dorsh's  qnarry.  Sec.  17,  MayvlUe,  grade 888.10 

Natural  surftice  at  the  Methodist  chnrch,  Caledonia 551 .  18 

Summit,  Natural  surfSace,  NE.  \  Sec.  18,  Caledonia 571.57 
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Elevations  on  the  Houston,  Hesper  and  Southwestern  Railroad. 

{Proposed.) 

This  line  runs  from  Houston,  on  the  Root  river,  where  it  inter- 
sects with  the  Southern  Minnesota  Railroad,  southwestwardly, 
ascending  the  yalley  of  Beaver  creek,  through  Sheldon,  Caledonia 
and  Spring  Grove  townships.  The  following  data  were  furnished 
hy  Dr.  F.  Worth,  president  of  the  conpany.  The  datum  point 
was  at  Houston,  on  the  grade  of  the  S,  M.  R.  R.  where  it  crosses 
the  line  between  sections  33  and  34,  seven  hundred  and  eleven  feet 
above  the  ocean  : 


Sections. 

Above 
Houston. 

Above  the 
Ocean. 

Crossing  township  line  between  4 

OroAsiiifr  section  line  between ..•.••.••••• 

4  and   9 
Sand   9 
7  and   8 
7  and  18 

18  and  19 

19  and  80 
80  and  81 

Feet. 

6 

7 

7 

9 

28 

29 

49 

79 

76 

S2 

87 

109 

lis 

119 
167 
248 
269 
881 
884 
895 
422 
428 
457 
494 
500 
524 
456 
462 
476 
562 
487 
442 

465 

Feet. 
717 
718 

(THMAinflr  Aectlon  line  between ....••  .••••• 

71S 

PffVMislnflr  ftectlnn  line  l>#tween    .....  ...... 

7S0 

OnMfiinif  section  line  between     .... .  .••.. 

784 

Oroflainip section  line  between ••••••  •••••• 

740 

Omsfif nir  section  line  between .•••••  ...... 

760 

Sheldon  Yillsire  nlst  on  section  81 . .  •  •  • .  •  • . 

790 

OrossinflT  section  line  between ...... ...... 

81  and  83 

82  and   5 
5  and    6 
Sand    7 
7  and  18 

12  and  18 
18  and  24 

24  and  25 

25  and  26 

26  and  85 
85  and  84 
84  and   8 

Sand   4 

4  and   9 
9  and   8 

5  and  17 
17  and  20 

787 

CrossinflT  section  line  between ..••••  .••••. 

794 

r*rossiiifir  section  line  between ......  ..•••• 

799 

Orassfnir  section  line  between ...•-.•  ..•.•. 

820 

fVo^inir  section  line  between  ............ 

829 

Crassinir  section  line  lietween  ..••.•••••■• 

880 

Crasslnv  section  line  between .... ....  .... 

878 

Crossinsr  section  line  lietween  ....••.••.•• 

862 

OinssinfP  section  line  between 

888 

Crossinif  section  line  between ..••••....•• 

1,042 
1,095 
1,106 
1,188 
1,189 
1,168 
1,205 
1,211 
1,285 

Crossinff  section  line  between .••••• 

Crossinir  section  line  between 

Orassins?  section  line  between ......  ...... 

Crossinir  section  line  between.  •••••..•••. 

Cmssinir  section  line  between ...... ...... 

Crossinir  section  line  between .*••••  ..•••• 

Crossinir  sec^tion  line  between ....•• ...... 

On  section  17  hiirtiest  Doint ••• 

Croflsinff  lines  between  sections ...... .... 

20  and  19 

19  and  80 

'  80  and  25 

1,167 

Crossinir  lines  between  secitinns   ..*••  .... 

1,178 
1,187 
1,278 

Crossinir  lines  between  sections ..••...... 

line  between  Houston  and  Fillmore  Co.  • . 

Cmssinir  section  line  between ...... ..... 

25  and  26 

26  and  85 

1,148 
1,158 

1,176 

Crovsinir  section  line  between ...••.  ..•••. 

State  line  west  of  center  of  Sec.  86,  New- 
bnrg  Township ^ 
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Notes  an  the  Plats  of  the  United  States  Survey  in  Houston  County y 
on  record  in  the  Register's  Office  at  Caledonia.  (The  county  was 
surveyed  in  1852-8-4,) 

T.  101  N.J  8  W.— Fractional;  EastpaH  of  Jefferson. 

This  is  embraced  wholly  within  the  river  bottoms  of  the  Missis- 
sippi. It  is  timbered  but  low,  with  some  marsh  and  standing 
^ater.    Mag.  Var.  8^5' to  8°  50'.    Acreage,  8,169.76. 

T.  101  N.y4iW.    West  part  of  Jefferson  and  South  part  of  Crooked 

Creek. 

The  Mississippi  bluffs  run  north  and  south  across  the  east  end 
of  this  town,  which  embraces  some  marsh  and  slough  land  in  the 
eastern  tier  of  sections.  These  bluflb,  which  unite  with  those  of 
Winnebago  creek  from  the  west,  in  the  southeastern  comer  of  the 
town,  introduce  in  that  portion  a  very  rough  and  rocky  character 
of  surface.  The  town  is  nearly  covered  with  timber.  Mag.  Var 
r  36*  to  8^  45'.    Acreage,  22,546.52. 

T.  101  N.y  6  W.     Winnebago. 

This  is  crossed  by  Winnebago  creek,  which  receives  several 
tributaries  from  the  north  and  from  the  south.  There  is  a  tract 
of  prairie  in  the  southwest  corner  of  the  town,  and  another  in  the 
northwest  comer.  The  remainder  is  either  timbered  or  shrubby 
with  oaks  and  aspens.  The  creek  valley  is  deep  and  rocky.  Mag. 
Var.  8°  to  8°  52'.    Area,  23,045.05  acres. 

T.  101  N.y  6  W.     WiUmington. 

Xhis  town  is  about  equally  divided  between  prairie  and  timber, 
which  are  irregularly  intermingled.  Waterloo  creek,  in  Sees.  29, 
32  and  33,  runs  in  a  deep  valley,  with  steep  and  rocky  banks. 
Mag.  Var.  5*^  49'  to  8°  31'.     Area,  23,037.13  acres. 

T.  101  N,  7  W.    Spring  Grove. 

,  Along  the  northwest  edge  of  this  town  the  South  Fork  of  Root 
river  causes  a  deep  valley,  which  is  rough,  timbered,  and  rocky. 
The  rest  of  the  town  is  variously  overspread  with  mingled  prairie 
and  timber  or  oak  bushes,  with  gently  undulating  and  sometimes 
rolling  surface.     Mag.  Var.  5°  3'  to  9°  5'.    Area,  23,045.12  acres. 
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r.  102  J^„  4  W.   Crooked  Creek  and  South  paH  of  BroumsviUe. 

This  town  is  named  from  the  creek  which  crosses  it  from  west 
to  e-ast,  south  of  the  center.  This  creek,  with  its  branches,  causes 
a  rough  and  rocky  surface,  with  deep  gorges  over  a  considerable 
area.  The  town  has  no  natural  prairie.  Mag.  Var.  7°  361  to  8°  45'. 
Area,  20,403.73  acres. 

r.  102  N.,  5  W.    MayvUle  and  WestpaH  of  Crooked  Creek. 

In  the  central  portion  of  this  town  are  the  sources  of  Crooked 
creek,  which  leaves  the  town  toward  the  southeast,  in  Sec.  25. 
With  the  exception  of  small  portions  of  Sees.  31  and  32,  this  town 
has  no  prairie,  but  the  heaviest  .timber  is  along  the  creek  and  its 
tributaries.  The  surface  is  undulating  to  rough.  Mag.  Var,  6*^ 
57  to  8°  30.'    Area,  22,976.20  acres. 

T.  102  N.,  6  W.    Caledonia. 

Beaver  creek  is  the  only  stream  in  this  town.  It  causes  a  rough 
and  bluflfy  surface  in  Sees.  19,  18,  7,  6,  5,  8  and  17,  flowing  north- 
ward. A  little  more  than  one  half  is  of  prairie,  the  timber  being 
along  the  creek  and  in  the  eastern  side  of  the  town.  Mag.  Var. 
6^  13'  to  9^  35'.    Area,  23,063.95  acres. 

T.  102,  B.  7  W.    Black  Hammer. 

The  south  fork  of  Root  river  crosses  the  western  portion  of  this 
town  in  a  northerly  direction,  accompanied  by  a  heavily  timbered 
and  rocky  tract  afiecting  nearly  one-half  of  the  town.  There  is 
an  irregular  strip  of  prairie  which  enters  the  town  from  the  south- 
east and  runs  northwest  past  the  center,  Mag.  Var.  5°  24'  to  8° 
15'.    Area,  23,042.34  acres. 

T.  103  N.j  4  W.     North  part  of  Brownsville  and  South  part  of 

Hokah. 

This  is  a  border  town  along  the  Mississippi,  and  in  the  north 
has  some  bottom  land  east  of  the  blufifs.  In  the  southern  portion 
the  river  approaches  near  the  blufifs.  No  prairie  is  shown.  The 
Wild  Gat  creek  joins  the  Mississippi  at  Brownsville,  Sec.  26,  and 
Thompson  creek  flows  across  the  northwest  comer.  These  streams, 
like  others  in  the  county,  run  in  deep,  rocky  valleys,  and  cause  a 
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fi^at  diversity  of  surface  some  distance  on  either  side  from  the  im- 
mediate valley.  They  have  a  great  many  tributary  valleys  which 
do  not  contain  streams,  but  which  are  equally  deep  and  blufify. 
Mag.  Var.  7°  35'  to  9°  1'.    Area,  20,912.18  acres. 

r.  103  N.J  &  W.     Union  and  South  part  of  Mound  Prairie. 

Root  river,  with  its  tributaries,  the  Crystal,  Bear,  and  Thomp- 
son creeks,  causes  a  rolling,  and  «ven  a  rough,  surface  over  much 
,  of  this  town,  with  frequent  rock  exposure.  There  is  a  small  area 
of  prairie  covering  Sec.  4,  with  adjoining  parts  of  5,  8,  9  and  3  ; 
but  the  greater  part  of  the  town  is  represented  as  timbered,  or 
overgrown  with  small  oaks  and  aspens,  and  with  hazel.  Mag. 
Var.  6°  39'  to  8°  5X'.     Area,  22,951.16  acres. 

T.  103  N.J  6  West.    Sheldon  and  South  part  of  Houston. 

The  South  Fork  of  Root  river,  with  its  tributaries  from  the«outh, 
Beaver,  Crystal  and  Badger  creeks,  covers  this  town  with  a  net- 
work of  deep  valleys,  in  many  places  very  rough.  In  the  eastern 
portion  of  the  town  the  surface  is  more  uniform  and  open.  Mag. 
Var.  6°  39'  to  8^  54',    Area,  22,854.31  acres. 

T.  103  N.J  7  W.    South  part  of  Yucatan. 

The  South  Fork  of  Root  river  crosses  the  southeastern  quarter  of 
this  town.  The  whole  town  is  rough  and  wooded,  except  a  nar- 
row prairie  belt  occupying  the  river  bottoms.  Mag.  Var.  6°  35* 
to  9°  15'.     Area,  23,045.67  acres. 

Town  104tN.j4:  W.    North  paH  of  Hokahj  and  East  part  of  La 

Crescent. 

This  is  a  Mississippi  river  town,  and  between  the  line  of  the 
river  bluffs  and  the  channel  of  the  river  is  a  belt  of  bottom  land, 
much  of  it  marshy,  from  two  to  four  miles  wide.  The  Root  river 
cuts  a  deep  gorge  across  the  southern  part  of  the  town,  and  Pine 
creek  crosses  the  northern  portion.  Mag.  Var.  7°  45'  to  8°  58'. 
Area,  20,398.03  acres. 

T.  104  N.,  5  W.      Prairie  Mound  and  West  part  of  La  Crescent. 

This  town  is  crossed  by  Root  river,  along  the  southern  two  tiers 
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of  sections*  It  has  a  belt  of  prairie  within  the  rocky  bluBs,  cov- 
ering Sees.  33,  34  and  35,  and  a  marsh  in  Sees.  30  and  31,  but  the 
rest  is  more  or  less  wooded.  Pine  creek  also  crosses  the  north- 
eastern portion  of  the  town.  Mag.  Var.  T  45'  to  8°  49'.  Area, 
23,045.07  acres. 

r.  104  iV'.,  6  W.    Houston  and  East  part  of  Money  Creek, 

This  town  is  broken  by  Root  river  and  Money  creek.  It  also 
has  Silver  creek  in  the  eastern  portion.  There  is  a  belt  of  prairie 
land  along  the  south  side  of  Root  river,  within  the  rock  bluflfs, 
and  in  the  western  portion  of  the  town  in  Money  creek  valley,  but 
the  most  of  its  area  is  wooded  and  broken.    Area,  22,984.56  acres. 

T.  104  JV^.,  7  W.    North  part  of  Yucatan  and  West  part  of  Money 

Creek. 

This  town  has  prairie  bottom-land  along  Root  river,  which 
crosses  it  from  W.  to  E.  in  the  southern  half,  and  along  Money 
creek  in  Sees.  1,  2  and  12.  The  rest  of  the  town  is  more  or  less 
wooded,  with  a  rolling  surface  Mag.  Var.  T  to  8°.  45'.  Area, 
23,179.03  acres. 

The  Soil  and  Timber  of  Houston  county. 

The  soil  of  the  county  is  formed  by  the  loess  loam.  It  is  very 
fertile,  and  apparently  very  enduring.  It  is  mainly  a  clayey  de- 
posit, without  stones  or  gravel,  but  yet  in  some  places  becomes 
arenaceous,  the  sand  grains  being  very  fine.  The  loess  is  hardly 
pervious  to  water.  In  the  scarcity  and  costliness  of  common 
wells,  many  farmers  resort  to  the  expedient  of  retaining  the  sur- 
face water,  after  rains,  in  open  reservoirs  produced  by  throwing  a 
low  dam  across  some  of  the  shallow  drainage  valleys  that  intersect 
iheir  farms,  thus  forming  with  the  common  loam  a  small  pool  or 
lake  for  the  use  of  their  stock.  Except  on  the  brows  of  the  bluffs 
which  inclose  the  valleys  this  loam  is  thick  enough  to  make  a 
reliable  subsoil  as  well  as  surface  soil.  In  some  of  the  valleys  it 
is  very  thick,  but  here  it  is  apt  to  be  influenced  by  the  causes  that 
produced  the  river  terraces  and  to  mingle  with  the  ordinary  allu- 
vium. On  the  uplands  generally  where  it  may  not  have  been 
reduced  by  wash,  its  average  thickness  might  reach  30  feet,  but  in 
some  of  the  valleys  naaterial  of  the  same  aspect  is  sometimes 
encountered  to  the  depth  of  over  one  hundred  feet. 
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In  the  valley  of  Root  river,  and  also  along  the  Mississippi,  the 
soil  of  the  alluvial  terraces,  greatly  resembling  that  of  the  loam 
in  the  uplands,  is  apt  to  be  more  sandy,  and  sometimes  becomes 
very  light  and  very  poor.  These  materials  are  generally  seen  to 
be  in  obliquely  stratified  layers,  and  to  embrace,  in  the  Mississippi 
valley,  small  gravel  stones  of  northern  origin.  The  immediate 
flood  plain  of  these  rivers  presents  still  another  variety  of  soil. 
While  it  is  generally  sandy,  and  often  very  light,  it  is  also  a  very 
rich  soil,  and  is  apt  to  be  enduring  by  reason  of  the  Nile-like 
overflows  to  which  it  is  subjected,  and  the  decomposition  of  large 
quantities  of  vegetation.  This  variety  of  soil  sustains  some  of 
the  heaviest  forests  to  be  found  in  the  county. 

The  county  is  supplied  with  plenty  of  timber  for  fuel,  and  with 
some  that  is  useful  iFor  lumber.  The  following  list  comprises 
a  nearly,  if  not  quite,  complete  catalogue  of  the  trees  and  shrubby 
plants  of  the  county: 

QnercQ»mbra.    X.  (?)  (Red  Oak.) 
Qnercus  macrocarpa.    Mchx.    (Burr  Oak.) 

[These  two  oakB  are  common  in  the  aplaods.  As  brash  and  smaU  tree» 
they  often  form  thickets.  There  are  also  trees  of  the  black  oak,  or  what  are 
accepted  as  black  oak  by  the  farmers,  and  it  may  be  that  only  the  black  and  bur 
oaks  exist  in  the  county.  Although  considerable  time  has  been  spent  in  the 
attempt  to  identify  this  oak,  mentioned  in  former  county  reports  as  Q.  rubra, 
with  doubt,  it  is  still  unsettled.  There  seem  to  be  two  species  in  some 
places,  but  in  others  the  characters  are  blended  in  one.  There  is  a  plain 
popular  distinction  between  tie  red  and  the  black  oak,  and  solitary  trees  of 
the  latter  are  often  seen  of  large  size  standing  in  the  midst  of  brush,  belong- 
ing apparently  to  a  former  forest  growth  now  destroyed,  while  the  former  is 
very  abundant  as  smaU  trees  or  underbrush,  often  presenting  some  of  the 
popular  characteristics  of  the  latter  ] 

Quercus  alba,  L.  (White  oak.) 

Populus  tremuloides,  Michx.  (Aspen.) 

Populus  grandidentata,  MicJix.  (Great- toothed  poplar.) 

Populus  monilifera,  AU.  (Cottonwood.) 

[Of  these  poplars,  the  first  two  are  by  far  the  most  common,  but  in  proper- 
tioQ  to  their  numbers  make  fewer  large  trees  than  the  last.  They  rarely 
exceed  six  or  eight  inches  in  diameter,  while  the  cottonwood  sometimes 
becomes  two  or  three  feet  in  diameter,  as  seen  in  the  Root  river  valley  at 
Houston.  The  cottonwood  has  a  rough  bark.  The  bark  of  the  aspen  may 
be  distinguished  from  that  of  the  great- toothed  poplar  at  a  distance  by  the 
fiict  that 'the  former  becomes  white,  or  mottled  with  white,  as  the  tree  gets 
the  size  of  three  or  four  inches  in  diameter,  while  that  of  the  latter  main- 
tains its  greenish  or  dingj  -yellow  color.] 
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Popalas  balsamifera,  L.  (Balm  of  Gllead.)  [Common  in  cultivation. 
There  are  some  fine  large  trees  of  this  kind  at  Mr.  Powlesland's,  Sec.  86, 
Crooked  Creek.] 

Popnlns  dilatata.  Ait.    (Lombardy  poplar.)    [Only  seen  in  caltlvatlon.] 
Acer  mbmm,  L,    (Red  maple.) 
Acer  saccharinum,  Wang,    (Sngar  maplQ.) 

Acer  saccharionm,  Wtmg,  Var.  nigrum^  Qraiy,  (Black  Sogar-maple.) 
[Sometimes  known  as  Rock  Maple.] 

Uhnns  Americana,  L.  (PI,  OUtut.)  WUld,    (American  Elm.) 
XJlmns  Ailya,  Michx*    (Slippery  Elm.) 

[The  first  named  elm  is  very  common,  and  acquires  a  very  large  size  in 
the  bottom  lands  of  the  Root  river,  but  the  latter  is  comparatively  rare.  As 
-with  the  oaks,  the  popular  ideas  of  the  elm  do  not  agree  with  the  scientific 
•distinctions  of  Prot  Qray's  MaouaL  Good  observers  and  woodsmen  insist 
invariably  that  there  are  three  elms  found  commonly  in  the  central  and 
southern  part  of  the  state,  viz.,  Bock,  Water  and  Bed.  The  first  is  easily 
imderstood  to  be  the  well  ^own  American  or  White  Elm,  the  last  the  com- 
mon Slippery  Elm^  but  the  second  is  not  distinguishable  by  any  botanical 
characters.  It  is  named  Arom  the  abundant  discharge  of  water  or  sap,  which 
it  ftimishes  on  being  wounded  or  cut,  especially  at  certain  seasons  of  the 
year.  In  addition  to  these,  sometimes  a  so-called  Swamp  Elm  is  insisted  on. 
Prof.  Harrington  has  reported  the  Corky  Elm  from  Olmsted  county,  and  this 
may  be  one  of  the  elms  popularly  recognized.  The  demands  of  the  geolog- 
ical work  have  not  yet  permitted  the  careM  examination  of  these  dis- 
tinctions.] 

TUia  Americana,  L.    (Bass wood.) 

Carya  amara,  Nutt.    (Bitternnt.) 

Carya  alba,  Nutt.    (Shag-bark  hickory.) 

[Of  these  the  former  furnishes  the  great  bulk  of  the  hoop-poles  for  fiour 
barrels  cut  in  the  southern  and  central  portions  of  the  state,  the  latter  being 
a  moch  more  rare  tree.  It  Is  only  in  Houston  county  that  the  shag-biark  hick- 
ory is  known  to  occur  generally.  It  is  exceedingly  rare  in  Fillmore  county, 
and  does  not  occur  In  the  Big  Woods.] 

Juglans  nigra,  L.    (Black  Walnut.) 
Juglans  cinerea,  L.    (White  Walnut  or  Butternut.) 
[The  former  is  comparatively  rare,  but  the  latter  is  one  of  the  most  com- 
mon trees  along  valleys.] 
Fraxinus  Americana,  L.    (  White  A  sh . ) 
Fraxtnus  sambuclfolia^  Lam.    (Black  Ash.) 

[The  former  is  often  seen  as  a  large  tree,  but  the  latter  is  rare,  having  beeu 
noted  only  in  the  timbered  bottoms  of  th6  Root  river  at  Houston.] 

Prunus  Americana,  Mar$h.    (Wild  Plum.) 
Prunus  PeuDSylvanica,  L.    (Wild  Red  Cherry.) 
Prpnus  Virginiaoa,  L.    (Choke  Cherry.) 
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Praniis  serotina,  Ehr.    (Black  Cherry.) 

Pyros  coionaria,  i.    (American  Crab-apple.) 

Negnndo  aceroldes,  Moench.    (Box  Blder.) 

CrataegDS  coccinea,  L,    (Thorn  Apple.) 

Crataegus  tomentosa,  X.    (Black  Thorn.) 

Celtfs  occidentalis,  L.    (Hackberry.) 

Betula  excelaa,  of  American  A^^hors,    (Gray  Birch.) 

Betnla  alba.  var.  popnllfolia,  iSjpocA.  CO    (White  Birch  J 

[Of  these  two  birches  the  latter  is  quite  common,  bat  the  former  is  rare. 
The  outer  bark  of  the  latter  Is  snowy  white,  and  the  tree  rarely  becomes  larger 
than  three  or  four  inches  in  diameter,  and  indeed  is  usually  less  than  two. 
It  frequents  rocky  banks  and  sterile  soils,  being  rarely  seen  except  along  a 
hillnide,  where  its  white  small  trunks  make  it  very  noticeable.  The  former 
has  been  seen  only  in  moist,  rich  lowlands,  with  large  timber  surrounding, 
and  is  apt  to  grow,  unless  injured,  to  a  large  tree  of  a  foot  or  two  in  diam- 
eter* It  is  probably  the  same  as  B.  lutea,  MicJuc.  f.  of  Gray's  revised  manual. 
Its  twigs  and  bark  are  so  aromatic  as  to  cause  it  to  be  mistaken  for  the 
black,  or  cherry-birch  of  the  Middle  and  Eastern  States,  which  has  not  yet 
been  reported  as  occurring  within  the  State  of  Minnesota.] 

Pinna  Strobus,  L.    (White  Pine.) 

[On  Crooked  creek;  at  La  Crescent;  on  Bear  creek  ;  on  Winnebago  and 
Money  creeks.  1 

OstryaViginica,  WWW.    (Ironwood.) 

Salix— Sp.  (?).  [Various  species ;  one  species  becomes  a  large  tree,  aa 
seen  in  the  bottoms  at  Houston.] 

Gymnocladus  Canadensis,  Lam.    (Kentucky  Coffee  tree.) 

[The  Coffee  tree  occasionally  is  seen,  even  18  inches  in  diameter,  and  is 
used  for  lumber.    It  was  particularly  noted  about  Houston.] 

Larix  Americana,  Miehx.    (Tamarack.) 

[Only  known  on  Pine  creek.] 

Cornus  circinata,  L*Her,    (Bound-leaved  Cornel.) 

Comus  sericca,  L.    (Silky  Cornel.) 

Cornus  paniculata,  VBar.    (Panicled  Cornel. ) 

[Along  the  ravines.] 

Cornus  alternifolia,  L.    (Alternate-leaved  Cornel.] 
Gaultheria  procumbens,  L.    (Wintergreen.) 

[Seen  only  at  Mound  Prairle.J    * 

Alnus  incana,  Willd.    (Speckled  Alder.) 
Diervilla  trlflda,  Mmnch.    (Bush  Honeysuckle.) 

[Along  the  blulb  of  the  Mississippi.] 
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Rhus  typhina,  X.    (Stag-horn  Samac.) 

TRare ;  seen  at  BrownsTille.l 

Sambucos  Canadenaia,  L,    rCommon  Elder.] 
CasUuDea  yesca,  L.    (Cbeatnnt.) 

[Coltiyated;  seen  on  Sec.  29,  Union.] 

Robinla  Fseadacacia,  L,    (Locnst.)  t 

[Only  coltiyated.] 

Gleditschia  monosperma,  WalU    (Water  Locust) 

I^Only  in  coltlyatlon;  seen  at  Hokah.] 

Rosa  blanda^  AiU    (Early  Wild  Rose ) 
Rosa  Carolina,  L,    (Swamp  Rose.) 

[This  is  a  bushy  rose,  eight  feet  high  and  less.] 

Rhns  glabra,  L,    (Smooth  Snmac.) 
Rhns  Toxicodendron,  L,    (Poison  lyy.) 
Abies  balsapiea,  Matihall,    (Balsam  Fir.) 

[Only  in  cnltivation^] 

Rnbns  strigosns,  Michx.    (Red  Raspberry.) 
Rnbns  yillosns,  AU,    (High  Blackberry.) 
Rnbns  occidentalis,  L,    (Black-cap  Raspberry.) 
Rnbns (  ?)    (Low-bush  Blackberry.) 

[More  or  less  trailing.] 

Jnnipems  Sabina,  X«    Yar.  procnmbens,  PufK    (Trailing  Cedar.) 

[Hokah  and  Sheldon.] 

Jnnipems  Yirginiana,  L.    (Red  Cedar.) 
Apocynum  androstemifolium,  L.    (Dogbane.) 
Carpinns  Americana,  Michx,    (Wtter  Beech.) 
Spirna  opnlifolla,  L,    (Nine-bark.) 
Zanthoxylnm  Americannm,  WXl.    (Prickly  Ash.) 
Amorpha  canesceos,  NuU*    (Lead  Plant  ) 
Lonicera  paryiflora.  Lam,    (Small  honeysuckle.) 
Amelanchier  Canadensis,  Tort,  db  Qray.    (Juneberry.) 
Vitis  cordlfolia,  Mchx,    (Grape.) 
Ampelopsis  quinquefolia,  Michx.    (Virginia  Creeper.) 
Celastrns  scandens,  L,    (Bittersweet.) 
Clematis  Yirginiana,  L,    (Common  Yirgin*s  Bower.) 

[Common  in  the  valley  of  Root  riyer,  below  Hokah.] 

Yibnrnum  Lentago,  L,    (Sheepberry.) 
Yibnmum  Opulus,  L,    (High-bush  Cranberry.) 
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Ceanothns  Ameiicanos,  L.    (Jersey  Tea.) 
Arlstolochla  Sipho,  L*Her,Cf)    (Pipe  Vine.) 
Kibes  C!yno8bat1,  L.    (Gooseberry.) 
Ribes  floridam,  L.    (Wild  Black  CorraDt.) 
Rlbes  rotandlfoliam,  Michz.    (Gooseberry.) 
Corylas  Americana,  Walt,    (Hazel.) 
Symphoricarpus  occidentalis,  B.  Br.    (Wolfberry.) 
Dirca  palnstris,  Z.    (Leather- wood.) 

[This  was  foand  along  the  bottoms  of  Beaver  creek,  in  Caledonia  town- 
ship, in  the  neighborhood  of  the  Great  Spring.  The  wood,  instead  of  being 
"  very  brittle,'*  as  described  by  Gray,  was  pliable  and  spongy,  resembling  a 
green  cornstalk.    This  was  in  the  month  of  July.] 

Smilax  rotnndlfolia,  L.    (Common  Greenbrier.) 

[This  was  seen  growing  very  Inxnriantly  in  the  sandy  allnvlnm  of  the 
Root  river  bottoms,  below  Uokah,  associated  with  the  Virgin's  Bower  and 
the  Climbing  Bittersweet.  In  the  same  vicinity  were  also  the  wild  grape, 
the  Virginia  Creeper,  and  a  number  of  hcrbaceoos  vines.  The  leaves  on  the 
different  parts  of  the  Greenbrier  differ  very  noticeably.  Those  on  the  large 
annual  shoots,  which  run  10  or  16  feet,  are  ovate  and  heart-shaped,  large,  8 
inches  long;  those  of  the  faulting  stems  or  branchlets  are  rarely  heart- 
shaped,  but  are  ovate,  and  less  than  half  the  size  of  the  former.  Both  sorts 
are  rough  on  the  edges,  and  on  the  prominent  ribs  beneath,  and  are  barely 
pointed.  The  Carrion  Flower,  Smilax  herbacea,  X.,  was  donbtfdlly  Identified 
in  the  ravines  on  the  north  side  of  the  valley  at  Houston.] 

It  is  noticeable  that  many  of  the  valleys,  particularly  those  run- 
ning east  and  west,  as  Crooked  creok  valley,  have  the  bluffs  along 
the  north  side  of  the  creek  destitute,  or  nearly  so,  of  timber,  but 
are  heavily  timbered  along  the  opposite  bluffs,  on  the  south  side. 
This  may  be  due  to  warm  days  in  winter  or  early  spring,  when  the 
sap  may  have  started  in  the  trees  on  the  north  bluffs,  followed  by 
severely  cold  weather,  before  the  actual  petting  in  of  steady  warm 
weather.  Of  course  the  sun's  heat  would  be  quickest  felt  on  the 
bluffs  facing  south.  This  process,  repeated  for  a  good  many  years, 
would  injure  and  at  last  destroy  the  timber  on  the  north  bluffs, 
if  it  were  ever  possible  for  trees  to  have  come  to  maturity  there, 
while  timber  on  the  south  bluffs  would  escape  these  sudden  changes, 
owing  to  the  shaded  condition  of  the  bluffs  during  the  warmest 
portion  of  the  day,  and  would  only  experience  a  steady  increase  of 
warmth  due  to  the  progress  of  the  season. 

The  Geological  Structure. 

The  rocks  of  Houston  county  are  embraced  wholly  within  the 
Lower  Silurian.     They  are  as  follows  : 


Digitized  by 


Google 


SURVEY  OF  MINNESOTA.  25 

The  Trenton  limestone,  confined  to  the  southwestern  quarter. 

The  St.  Peter  Sandstone,  in  an  irregular  area  surrounding  the 
area  of  the  Trenton  above. 

The  Lower  Magnesian  formation,  comprisiug  the  three  parts, 
Shdhopee  limestonej  Jordan  sandstone  and  St.  Lawrence  limestone, 
and  underlying  the  greater  portion  of  the  county. 

The  St.  Vroix  sandstone,  which  is  found  only  in  the  bluflfe  of  the 
Mississippi  and  Root  rivers,  and  of  their  tributary  valleys. 

The  accompanying  map  of  the  county  shows  the  superficial 
areas  to  which  each  of  the  foregoing  formations  pertains.  Owing 
to  the  frequent  deep  valleys  the  geographical  boundaries  of  the 
formations  make  very  crooked  and  tortuous  lines.  Although  these 
valleys  are  more  or  less  filled  with  the  loess  loam,  the  topography 
still  is  so  marked,  pertaining  to  and  even  caused  by  each  difibrent 
formation  in  the  county,  that  the  outlines  of  the  geological  struc- 
ture are  very  evident  to  the  observer.  As  in  Fillmore  county, 
there  is  more  or  less  doubt  about  the  position  of  the  boundary  be- 
tween the  St.  Peter  and  the  Lower  Magnesian.  The  incoherency 
of  the  St.  Peter  causes  it  to  crumble  easily,  and  to  leave  no  evi- 
dence of  its  final  dissolution  where  the  exact  contact  betwee4  the 
formations  cannot  be  examined — and  the  loam  generally  securely 
hides  this  horizon. 

The  Trenton  Limestone. 

The  greater  portion  of  this  formation,  which  is  found  within  the 
county,  is  of  the  Lower  Trenton,  so- called,  and  produces  the  same 
topographical  features  as  in  PiUmore  county.  The  reader  is  re- 
ferred to  the  report  of  progress  for  1875,  where  the  geology  of  that 
county  is  ^ven,  and  the  eflfect  of  the  Lower  Trenton  on  the  sur- 
face features  is  discussed  and  illustrated  by  diagrams. 

This  formation  is  found  in  Spring  Grove  and  Willmington  town- 
ships. It  runs  also  in  a  narrow,  but  interrupted  belt,  nearly  to 
Caledoiiia,  where  it  may  be  distinctly  seen,  in  its  peculiar  features, 
and  its  flat-topped  mounds,  or  tables,  a  mile  west  of  that  village. 
There  is  reason  to  suppose  that  it  formerly  extended  much  farther 
east  than  it  does  now,  covering  the  most,  perhaps  the  whole,  of 
the  county,  and  being  continuous  with  the  horizon  of  the  same 
formation  on  the  east  of  the  Mississippi  river,  in  Wisconsin. 

The  usual  characters  of  the  Lower  Trenton,  both  lithological  and 
palseontological,  were  the  only  ones  noticed  in  Houston  county 
It  has  been  opened  for  quarries  only  in  the  vicinity  of  Spring 
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Grove.  It  generally  presents  a  stained  and  long- weathered  aspect^ 
as  if  split  and  dissolved  by  the  action  of  water.  The  layers  are  at 
first  about  an  inch  in  thickness,  but  become  thicker,  by  adhering 
to  each  other,  on  being  wrought  to  some  depth,  and  possess  a  blue 
color. 

The  St.  Peter  Sandstone. 

This  lies  next  below  the  Trenton.  Its  area  embraces  not  only 
the  slope  from  the  high  table-land  of  the  Trenton  area,  but  also  a 
belt  extending  in  width  from  the  foot  of  that  slope  over  the  more 
level  country  surrounding,  so  that  its  irregular  area  is  often  a  mile 
or  two  in  width.  As  already  remarked,  while  its  upper  limit  has 
a  very  easily  recognized  location,  by  reason  of  the  terrace  like 
topography  of  the  Lower  Trenton,  its  lower  horizon  is  often  very 
uncertain  on  account  of  the  very  easy  and  gradual  destruction  of 
its  layers,  and  the  prevalence  of  the  loess  loam. 

The  character  of  this  sandstone  in  Houston  county  is  about  the 
same  as  described  in  other  counties,  and  need  not  be  detailed  again 
here.  It  was  noticed,  however,  that  for  some  reason  it  is  more  ' 
frequently  hardened  by  iron,  or  lime  and  iron  in  Houston  county, 
into  a  firm  rock,  which  causes  it  to  sustain  a  weathered  exposure 
without  crumbling  rapidly  away,  than  in  counties  further  north 
or  west  where  the  northern  drift  prevails.  This,  however,  is  purely 
an  accidental  and  surface  quality,  the  interior  of  the  formation 
being  about  the  same  as  at  other  places.  The  cement  which  it 
possesses  in  Houston  county,  in  its  exposed  portions,  in  excess  of 
the  same  at  other  points,  is  no  doubt  due  to  the  water  by  which  it 
has  been  submerged  and  stained  during  the  deposition  of  the  loess 
loam. 

The  thickness  of  the  St.  Peter  sandstone  was  very  satisfactorily 
ascertained  on  the  S.  W.  i  Sec.  17,  Wilmington.  The  well  of  Mr. 
0.  A.  Bye  is  situated  near  the  Trenton  bluflF,  and  by  uniting  the 
known  depth  driUed  in  the  sandstone  with  aneroid  measurement 
of  the  bluff,  the  St.  Peter  was  found  to  be  between  75  and  80  feet 
thick,  the  Shakopee  below  having  a  thickness  of  64  feet. 

The  Shakopee  Limestone. 

The  continuity  of  this  formation  from  the  Minnesota  valley  to 
the  Mississippi,  and  its  identity  with  the  limestone  at  Shakopee, 
where  it  was  first  recognized  as  a  distinct  member  of  the  Lower 
Magnesian  in  Minnesota,  was  fully  established  in  the  survey  of 
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Houston  county.  It  is  everywhere  distinct  as  the  uppermost  por- 
tion of  the  Lower  Magnesian,  and  is  everywhere  separated  from 
the  other  great  calcareous  member  of  the  same  formation  by  a 
sandstone  as  distinct  and  continuous,  and  as  clearly  recognizable, 
as  the  St.  Peter  sandstone.  There  can  be  no  further  question  of 
its  existence  and  its  great  extent.  There  seems  every  reason  to 
believe  also  that  it  exists  across  the  Mississippi,  in  the  state  of 
Wisconsin,  but  at  this  time  there  is  no  distinct  published  notice  of 
its  occurrence  there.  The  Lower  Magnesian  in  Wisconsin  has 
been  divided  by  Prof.  R.  Irving,  of  the  Geological  Survey  of  Wis- 
consin, into  three  parts,  as  exemplified  near  Madison,  (American 
Journal  of  Science  and  ArtSj  June^  1876,)  but  there  is  much  reason 
to  believe  that  his  proposed  subdivisons  do  not  include  the  Shako- 
pee  limestone  at  all,  and  that  the  distinctions  in  the  Lower  Mag- 
nesian which  he  mentions  are  wholly  confined  to  the  St.  Lawrence 
limestone  of  Minnesota.  This  subject  was  discussed  by  the  writer 
in  the  Bulletin  of  the  Minnesota  Academy  of  Natural  Sciences^  for 
1875,  when  this  hypothesis  was  first  published.  It  is  rendered 
still  more  plausible,  in  the  absence  of  further  facts  in  Wisconsin, 
from  the  fact  that  even  in  Houston  county  the  St.  Lawrence  ex- 
hibits variations  of  composition  and  lithology  which  are  compar- 
able to  those  Prof.  Irving  describes. 

The  characters  of  the  Shakopee  in  Houston  county  are  not  no- 
ticeably different  from  those  mentioned  in  the  reports  of  progress 
for  1873  and  1876.  Its  bedding  is  much  less  regular  than  that  of 
the  St.  Lawrence.  It  is  apt,  indeed,  to  be  disturbed  by  cherty,  or 
concretionary  masses,  which  on  the  weathering  away  of  the  bluffs, 
become  detached  and  fall  into  the  bottom  of  the  valley,  where  they 
lie  long  after  the  non-silicious  portions  of  the  rock  have  dissolved 
and  disappeared.  Such  cherty  lumps  are  often  a  foot,  or  even  two 
or  three  feet  in  diameter.  They  are  roughened  by  cavities  opening 
on  the  surface,  by  dissolution  of  the  most  calcareous  parts,  and  by 
the  natural  openings  and  pores  they  acquired  in  the  act  of  forma- 
tion. They  are  the  only  portions  of  the  formation  in  which 
fossils  have  been  found  in  Houston  county.  These  masses  some- 
times show  surfaces  of  drusy  quartz  crystals,  also  amethyst  crystals^ 
and  great  quantities  of  pyrites,  oxydized  and  hydrated  so  as  to 
produce  a  limonite,  the  form  of  the  crystal  alone  remaining  to 
indicate  the  original  mineral.  A  careful  study  of  these  fossils  has 
not  yet  been  made,  but  there  is  some  evidence,  from  the  handling 
to  which  some  of  theim  have  been  subjected  in  the  examination  of 
the  Trenton  fossils  now  going  on,  that  the  Shakopee  limestone  i» 
the  equivalent  of  the  Chazy  of  New  York,  a  formation  which  has 
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not  been  recognized  in  the  state,  though  the  St.  Peter  has  been 
regarded  by  Prof.  Hall  as  its  equivalent. 

This  formation  does  not  appear  in  the  bluffs  of  the  Mississippi 
river,  in  Houston  county,  nor  in  those  of  Root  river  generally  ; 
but  its  line  of  strike  is  some  miles  back  in  the  country  away  from 
the  immediate  bluffs.  This  is  due  to  the  crumbling  nature  of  the 
Jordan  sandstone  which  underlies  it,  and  which  operates,  in  that 
respect,  to  tear  ddwn  the  Shakopee  in  the  same  manner,  and  for 
the  same  causes,  as  the  St.  Peter  on  the  Trenton.  To  this  fact, 
And  to  its  general  resemblance  to  the  St.  Lawrence  limestone,  may 
be  attributed  the  non-discovery  of  this  limestone  by  the  United 
States  geologists  who  have  reported  on  the  geology  of  the  state,  or 
by  others,  whose  examinations  were  largelv  confined  to  the  main 
water  courses,  before  the  general  settlement  of  the  state  and  the 
construction  of  good  roads.  Its  area  is  embraced,  on  the  colored 
map  of  the  county,  in  that  assigned  to  the  Lower  Magnesian. 

This  limestone  may  be  seen  frequently  in  the  central  portion  of 
the  coqnty,  in  the  upper  reaches  of  the  ravines  which  radiate  in 
all  directions  from  the  vicinity  of  Caledonia.  It  is  seldom  quar- 
ried, or  used  for  any  purpose,  for  the  St.  Lawrence  limestone  is 
generally  accessible  in  the  immediate  neighborhood,  and  that  is 
much  more  desirable  for  building-stone,  or  for  lime-making.  In 
descending  the  ravine  toward  the  quarries  east  of  Caledonia  the 
Shakopee  is  the  first  limestone  seen  exposed.  The  quarries  are 
much  lower — in  the  St.  Lawrence.  It  may  be  seen  also  in  the  upper 
tributary  valleys  that  feed  Badger,  Beaver,  Crystal  and  Thompson 
creeks.  It  causes  the  first  rugged  or  rocky  portion  of  those  val- 
leys. It  is  exposed  in  the  tops  of  the  bluffs  at  the  great  spring. 
Sec.  17,  Caledonia,  three  miles  south  of  Sheldon.  Its  thickness  at 
Mr.  0.  A.  Bye's,  Sec.  17,  Willmington,  when  drilled  through,  was 
found  to  be  64  feet,  which  is  probably  about  its  average  thickness 
throughout  the  county. 

The  Jordan  Sandstone. 

The  lithological  features  of  this  sandstone  are  nearly  the  same 
AS  those  of  the  St  Peter,  bat  it  has  only  about  one-half  the  thick- 
ness of  the  St.  Peter.  Its  area  of  outcrop  is  quite  small,  and  its 
exposures  are  few.  As  it  lies  between  two  hard  limestones,  which 
are  apt  to  form  perpendicular,  walled  bluffs,  its  line  of  outcrop  is 
tnown  by  a  belt  of  non -exposure  of  rock  separating  the  Shakopee 
from  the  St.  Lawrence,  which  is  less  steep  in  the  ascent,  and  per- 
haps turfed  over.    It  often  becomes  rusty  and  firm  from  a  cement 
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of  iron,  when  it  endures  longer  exposure,  and  is  seen  as  detached 
blocks  in  the  valleys.  Some  blocks  of  this  kind  are  visible  by  the 
roadside  in  the  ravine  that  descends  to  the  quarries  of  Ailrin  and 
Molitor,  a  mile  east  of  Caledonia. 

The  St.  Lawrence  Limestone. 

This  is  the  most  important  formation  in  the  county.  It  not 
only  occupies  a  greater  superficial  area  of  outcrop  than  any  other, 
but  it  takes  the  most  prominent  part  in  causing  the  varied  topog- 
raphy of  the  county.  It  surmounts  the  St.  Croix  sandstone,  an 
easily  eroded  rock,  into  which  the  valleys  are  deeply  and  rapidly 
cut,  and  maintains  a  bold  and  sharp  outline  along  their  tops.  It 
is  the  immediate  cause  of  a  great  many  hills  and  ridges.  It  con- 
fronts the  observer  in  every  nook  and  on  every  promontory,  along 
the  whole  course  of  the  Root  river,  and  down  the  Mississippi  bluffs 
as  far  as  the  state  line,  and  it  is  especially  conspicuous  in  the  little 
valleys  that  ascend  from  the  streams,  and  that  often  are  more  rocky 
than  the  larger  valleys. 

The  thickness  of  the  St.  Lawrence  in  Houston  county  is  about 
200  feet,  though  other  geologists  have  reported  it  as  250  feet  thick 
at  La  Crosse.  It  is  a  dolomite,  or  magnesian  limestone.  Its  lay- 
ers, while  generally  regular  and  useful  as  a  building-stone,  are 
also  sometimes  very  much  brecciated,  rendering  it  at  once  more 
firm,  but  also  more  refractory.  It  furnishes  more  stone  for  build- 
ing than  all  the  other  formations  of  the  county  combined.  It  is  of 
a  light,  lively  color,  and  endures  the  weather  perfectly,  showing 
not  the  least  change  in  the  oldest  buildings  in  which  it  has  been 
used 

The  St.  Croix  Sandstone. 

This  name  was  applied,  in  the  first  annual  report,  provisionally 
to  the  light-colored  and  often  friable  sandstones  which  occur  along 
the  Mississippi  river  in  Minnesota,  and  which  have  by  some  been 
regarded  as  the  stratigraphical  equivalant  of  the  Potsdam  sand- 
stone of  New  York.  This  was  done  because,  in  the  existence  of 
another  formation,  of  different  litholog}',  afiBrmed  also  to  be  the 
equivalent  of  the  New  York  Potsdam,  it  was  necessary  to  have 
some  designation  for  each  of  them.  It  seemed  from  considerations 
there  given,  that  the  lower  of  these  two  sandstones  was  the  prob- 
able equivalent  of  that  formation  in  New  York,  and  in  subsequent 
reports,  while  no  facts  have  been  gathered  that  confirmed  that 
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view,  the  survey  not  having  becfn  carried  on  where  these  rocks  are 
exposed,  the  provisional  name  has  been  continued.  It  is  only  in 
the  county  of  Houston  that  any  opportunity  has  been  afforded  for 
an  examination  of  this  formation,  since  the  season  of  1872. 

It  is  not  intended  here  to  enter  upon  an  examination  of  the 
evidences  of  the  parallelism  of  this  sandstone  with  any  eastern 
formation,  nor  to  cite  or  compare  authorities  one  way  or  the  other. 
Considerable  has  been  written  on  the  sandstones  of  the  Lake 
Superior  region  as  developed  in  Michigan,  Wisconsin  and  Canada, 
tending  to  show  the  existence  of  two  distinct  sandstone  formations. 
Prof.  Irving  (American  Journal,  3rd  Series,  Vol.  VIII,  p.  46.) 
reports  three  different  sandstones  existing  in  the  northwest  in- 
volved in  this  disputed  horizon,  as  exemplified  in  his  study  of 
northwestern  Wisconsin,  viz.:  (1)  Copper-bearing,  highly  tilted 
sandstones,  conglomerates  and  shales,  associated  with  trap.  (2) 
Horizontal,  aluminous,  red  sandstones,  lighter  than  those  associated 
with  the  trap,  which  ^^  appear  to  dip  underneath  the  light  colored 
Lower  Silurian  sandstones  of  the  Mississippi  Valley,'*  and  (3)  the 
light-colored  sandstones  of  the  Mississippi  valley.  In  this  he 
agrees  with  Dr.  C.  Rominger  (Vol.  I,  p.  95,  Palaeozoic  Rocks, 
Geological  Survey  of  Michigan,)  who  makes  them — (1)  Copper- 
bearing  rocks,  (2)  Lower  Division  of  the  Lake  Superior  sandstone, 
and  (3)  the  Upper  Division  of  the  Lake  Superior  sandstone. 
Brooks  and  Pumpelly,  however,  do  not  make  mention  of  but  two 
series  of  sandstones  in  the  Lake  Superior  region,  viz. :  (1)  The 
copper-bearing  series,  and  (2)  the  Silurian  sandstones.  (Michigan 
Geological  Survey.  Vol.  1.  Part  I,  pp.  75  and  185;  and  Part  11. 
p.  1.)  Foster  and  Whitney  in  1851  referred  aU  the  sandstones  in 
question  to  the  Potsdam  of  N.  Y.,  regarding  them  as  deposited 
over  an  uneven  surface,  producing  local  cross-stratification  and 
unconformability.  (Report  on  the  Geology  of  the  Lake  Superior 
Land  District.  Part  II,  p.  120.)  In  this  they  were  seconded  by 
Prof.  James  Hall,  and  followed  by  Prof.  J.  D.  Dana  in  his  Geo- 
logical Manual,  First  Edition.  More  lately,  in  1862,  Prof.  Hall 
parallelized  the  uppermost  of  these  sandstones  with  the  New  York 
Potsdam,  (16th  Regents'  Eleport,  p.  119,)  with  the  cautionary 
remark  that  "  it  may  not  yet  be  regarded  as  proved  that  the  sand- 
stone from  which  I  have  described  these  fossils  is  in  all  respects 
the  equivalent  of  the  Potsdam  sandstone  of  New  York,  Vermont 
and  Canada.  It  may  represent  more,  or  it  may  represent  less  than 
that  formation.  The  lower  accessible  beds  of  the  Mississippi  val- 
ley may  represent  the  Potsdam  of  one  hundred  and  fifty  or  two 
hundred  feet  in  thickness  in  the  typical  localities  in  New  York, 
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while  the  middle  and  upper  beds  of  the  west  may  be  of  epochs  not 
represented  in  that  part  of  the  series  studied  in  New  York. "  As 
long  as  the  Potsdam  sandstone  at  the  typical  locaUties  in  New 
York  was  accepted  as  the  base  of  the  fossiliferous  primordial  strata, 
while  at  the  west  there  are  two  recognized  sedimentary  sandstones, 
though  not  yet  proved  fossiliferous,  lying  below  the  sandstones  of 
the  Mississippi  valley,  it  seems  quite  presumptions  to  affirm  the 
honzontality  of  the  light-colored  sandstones  with  the  New  York 
Potsdam,  especially  when,  as  admitted  by  Prof  Hall,  "  there  are  no 
species  of  fossils  in  the  western  sandstones  which  are  positively 
identical  with  those  of  New  York. "  It  would  be  more  in  keeping 
with  recognizing  stratigrai^ical  laws,  to  allow  that  formation 
which  in  New  York  begins  with  the  top  of  the  "  azoic'*  to  begin 
there  also  in  Minnesota. 

In  this  state  of  the  question  concerning  these  sandstones  it 
seems  justifiable  to  retain  for  the  present  the  term  St.  Croix,  inas- 
much as  there  can  then  be  no  misunderstanding  of  the  horizon 
under  consideration.  It  is  perfectly  legitimate,  in  the  farther 
investigation  of  this  question,  for  the  geologists  of  states  further 
east  to  inquire  which  of  the  sandstones  lying  below  these  beds 
may  be  the  equivalent  of  the  New  York  Potsdam,  for  it  seems  as 
if  on  ascertained  stratigraphical  evidence,  as  well  as  on  lithological 
and  palseontological  facts  that  are  undisputed,  these  beds  occupy 
a  much  higher  horizon.  They  seem  rather  to  be  embraced  in  the 
great  calciferous  or  Canadian  epoch. 

Although  these  sandstone  beds  occupy  the  river  bluflfe  along  the 
Mississippi  and  the  Root  river  throughout  the  county,  they  afford 
but  very  few  opportunities  for  satisfactory  examination.  They  are 
in  the  lowest  part  of  the  bluffs  and  are  generally  hid  by  a  sloping 
talus  that  is  usuaUy  turfed  over.  The  only  point  at  which  a  useful 
section  of  their  composition  could  be  had  was  at  Hokah.  The 
general  section  at  this  place,  as  nearly  as  it  could  be  made  out,  is 
as  follows,  in  descending  order : 

General  Section  at  Hokah. 

Fmi. 

St.  Lawrence  limestone,  of  the  Lower  Magnesian,  about 200 

Slope,  nnseen 30 

Sandstone,  line  of  constant  exposure • 80 

Slope,  iock  unseen..  30 

Whitman's  qnarry,  made  np  as  follows : 

1.  Broken,  shaly,  and  sandy,  crumbling  and  fragmentary 10 

8.  Shale  bed,  greenish,  with  remains  of  trilobites 1 
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8.  Tough,  persistent  layers,  like  an  Indurated,  arenaceous  shale, 

with  green  sand,  In  thin  layers 12 

4.  Crumbling  sand,  In  oblique  stratification 8 

Rock  very  similar  to  No.  8  extends  downward,  covering  the  horizon  of 
an  old  quarry  east  of  Hokah,  now  abandoned  as  worthless,  embrac- 
ing a  thickness,  that  is  generally  a  tarfed  slope,  of  about 150 

Rusty,  coarsely  arenaceous  sandrock  with  Llngulepis  (Lingula) 10 

Crumbling,  white  sandrock,  massive 25 

Variegated,  arenaceous  quartzyte,  purple  and  white,  hard  and  persistent, 

level  with  the  top  of  the  dam 2 

Massive,  white  sandrock 20 

Total  rock,  about 523 

The  hight  of  Mt.  Tom  at  Hokah,  by  aneroid,  above  the  flood 
plain,  was  found  to  be  530  feet. 

At  an  old  quarry  east  of  Hokah,  and  across  Thompson's  creek, 
now  abandoned  because  the  rock  is  worthless  for  all  purposes,  the 
general  aspect  of  the  layers  is  much  like  that  at  Whitman's  quarry, 
but  the  sand  is  less  firmly  cemented,  making  a  stone  not  so  good. 
It  is  a  shaly  and  arenaceous  standstone,  of  coarse  and  fine  grain, 
marked  with  fucoids  and  abundant  greensand,  and  is  below  the 
stratigraphical  level  of  Whitman's.  In  the  same  bluff,  about  twen- 
ty-five feet  higher,  is  a  blind  shoulder  or  terrace  which  is  more  likely 
to  contain  tiie  layers  of  Whitman's  quarry.  This  stone  as  taken 
from  Whitman's  quarry,  although  very  shaly,  becomes  firm  and 
enduring  on  exposure. 

At  Houston  the  bluffs  north  of  the  village  are  520  feet  in  hight, 
and  of  this  the  lower  420  feet  at  least  belongs  to  the  St.  Croix 
sandstone.  They  probably  contain  the  St.  Croix  20  feet  further 
up,  shown  by  the  toppling  over  of  huge  blocks  of  St.  Lawrence 
limestone,  from  the  crumbling  out  of  friable  sandrock  along  the 
salient  angles  of  the  bluffs.  The  interval  of  the  sandstone  layers 
is  mainly  turfed  over  so  as  to  render  an  inspection  of  their  con- 
tents impossible,  except  at  points  near  the  top  and  near  the  bot- 
tom. There  is  a  line  of  nearly  constant  exposure  about  40  feet 
below  the  top  of  the  St.  Croix,  occupying  an  interval  of  30  or  40 
feet,  which  is  particularly  noticeable  along  the  north  side  of  the 
river,  and  was  mentioned  in  the  report  on  Fillmore  county.  There 
is  another  exposure  of  these  beds  near  the  level  of  the  river 
at  the  dam  at  Houston.  The  former  consists  of  a  hard,  firm  sand- 
rock, and  the  latter  is  soft  and  crumbling,  with  cross  stratifica- 
tion. Above  the  line  of  constant  exposure,  about  25  feet,  is  a 
blind  terrace  which  occasionally  reveals  the  rock  which  causes  it. 
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It  is  a  sandstone,  and  is  included  in  the  foregoing  thickness  of  420 
feet. 

At  one  mile  north  of  Sheldon  there  is  an  apparent  dip  in  the 
outcropping  upper  edge  of  the  St.  Croix,  as  it  strikes  across  the 
bluffs.  Its  direction  is  perhaps  a  little  west  of  south,  and  amounts 
to  two  or  three  degrees.  It  is  entirely  local,  and  the  correspond- 
ing upward  dip  in  the  opposite  direction  is  invisible.  The  bluflfe 
south  and  north  have  their  usual  hight.*  No  such  dip  was  noticed 
in  any  other  part  of  Houston  county,  but  it  is  very  likely  this  is 
on  the  strike  of  the  noticeable  dip  in  these  formations  which  has 
been  mentioned  by  Dr.  Owen  and  by  the  geologists  of  Iowa  as 
occurring  in  the  bluffs  of  the  Mississippi  river  at  McGregor  and 
Lansing,  in  the  State  of  Iowa. 

In  Caledonia  township.  Sec.  2,  the  following  section  was  taken: 

Section  covering  the  junction  between  the  St.  Croix  atid  the  St. 

Lawrence. 

\  i 

Feet. 

Slope,  covered  with  large  blocks  of  limestone 200-SOO 

Even  layers  of  limestODe  quarried 12 

Hid.    MaiDly  UmestODe,  like  the  next 40 

Limestone,  broken  and  curling  bedding.    Cherty,  arenaceous  or 

massive  with  some  green  sand 25 

Lime  and  sand,  lumpy  with  irregular  concretions,  mainly  massive . .  15-20 

Soft  sand,  with  cemented  or  quartzitic  lenticular  lumps 10 

Soft,  massive  sand.    (Causes  the  blind  terrace  at  Houston) 25 

The  line  of  constant  exposure  mentioned  as  occurring  at  Hous- 
ton, near  the  top  of  the  St.  Croix  sandstone,  lies  below  this 
section.  This  line  is  more  evident  in  the  north  than  on  the  south 
bluffs — due,  probably,  to  the  erosive  action  of  the  prevailing 
winds,  which  are  from  the  southwest,  and  to  the  greater  scarcity 
of  timber  on  the  north  blufife,  as  already  noted  under  the  head  of 
Soil  and  Timber. 

The  fossils  that  have  been  gathered  from  this  formation  consist 
very  largely  of  trilobite  remains.  They  will  be  examined  as  op- 
portunity may  be  afforded  in  the  future  progress  of  the  survey. 

On  Sec.  11,  Union  township,  the  sandstone  which  has  been 
mentioned  as  having  a  nearly  constant  line  of  exposure,  is  sculp- 
tured, along  the  north  bluffs,  into  isolated  columns  and  tables, 
with  some  rounded  buttresses  which  present  a  very  conspicuous 
and  highly  interesting  instance  of  atmospheric  erosion.     There 


*  Compare  Otology  oflo^a,  Sail  d  Whitney,  1868,  Fintri  IJ,  p,  61. 
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can  be  no  doubt  that  the  blu&  themselves  are  the  result  of  the 
erosion  of  the  valley  by  water  by  a  process  that  began  thousands 
of  years  before  the  glacial  epoch,  but  the  present  condition  of  most 
of  the  curious  fornls,  like  that  of  the  "sculptured  bluflfs,"  is  cer- 
tainly due  to  the  effect  of  wind  in  conjunction  with  moisture  and 
frost.  There  are  also  cavities  and  sheltered  nooks,  and  deep,  crooked 
passages  and  sharp  niches  in  which  the  wind  could  barely  enter, 
and  from  which  there  could  not  have  been  any  wind  exit  sufficient 
to  have  maintained  a  current  capable  of  producing  the  most  af  this 
sculpture,  which,  moreover,  are  lichen-covered,  and  bear  an  aspect 
of  age  and  roughness  that  forbids  their  reference  to  any  present 
atmospheric  forces.  These  can  be  explained  only  by  the  solvent 
action  of  water  in  agitation,  and  are  comparable  to  the  purgato- 
ries that  are  often  seen  about  the  rocky  shores  of  lakes  or  of  the 
ocean.  But  when  the  rock  shows  a  recent,  fresh  erosion,  and  is 
soft  and  crumbling,  the  present  forms  are  due  to  more  recent 
causes,  and  can  only  be  assigned  to  wind  and  frost. 

The  Drift. 

The  true  northern  drift  is  not  spread  over  this  county.  It  con- 
tains no  drift  clay,  nor  boulders  of  foreign  origin.  There  is  a  thin 
deposit  of  foreign  gravel  at  Riceford,  in  the  extreme  southwestern 
part  of  the  county,  and  there  is  a  terrace  along  the  Mississippi 
river  that  is  made  up  of  gravel  and  sand  of  northern  origin,  but 
this  county  wholly  escaped  the  operation  of  those  forc^  which 
spread  the  well-known  drift  clay  and  boulders  over  the  most  of  the 
state.  Whether  any  former  glacial  era  caused  it  to  be  covered 
with  the  ice  of  the  northern  glaciers  cannot  be  determined,  since 
the  materials  left  by  that  era,  if  any  there  were,  may  have  been 
decomposed,  and  may  have  entered  into  the  stratified  clays  and  the 
soils  of  the  Mississippi  valley  further  south  under  the  combined 
influence  of  time,  and  the  intense  activity  of  the  destructive  foi*ces 
of  the  latest  glacial  era. 

There  is  to  be  seen  occasionally  a  local  drift,  or  debris,  derived 
from  the  rock  of  the  country  round  about,  and  this  sometimes  has  a 
deceitful  resemblance  to  true  northern  drift,  yet  it  can  always  be 
distinguished  from  it  on  examination.  On  the  northwest  quarter 
of  section  25,  Caledonia,  along  the  road,  near  the  brow  of  the 
Shakopee  limestone,  there  is  a  bank  of  such  loose  materials.  There 
is  a  cut  of  about  three  feet,  which  consists  mainly  of  rusty  loam, 
rather  sandy,  embracing  large  masses  of  black  quartzite,  which 
also  vary  to  a  lighter  color  but  show  very  little,  if  any,  lime. 
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Other  lumps  consist  of  pyrite  crystals,  now  converted  to  limonite, 
and  of  rusty,  hardened  sandstone,  perhaps  from  the  St.  Peter. 
These  last,  indeed,  comprise  perhaps  a  majority  of  the  stony  masses. 
There  are  also  large  quantities  of  ordinary  chert,  and  an  occasional 
piece  of  water-worn  limestone.  The  bank  shows  no  stratification, 
but  consists  of  these  materials  simply  mingled  with  the  loam.  The 
whole  appears  red  and  rusty,  but  discloses  not  a  single  piece  but 
can  be  referred  to  the  Lower  Magnesian  formation. 

As  to  the  cause  of  this  exemption  of  a  part  of  southwestern 
Minnesota,  and  portions  of  Wisconsin,  Iowa  and  Illinois  adjacent, 
from  the  forces  of  the  northern  drift  epoch,  there  has  been  but  one 
opinion  advanced,  so  far  as  the  writer  is  aware.  It  is  that  of  Prof. 
J.  D.  Whitney,  who  attributes  it  to  the  nan-submergence  of  this 
region  since  the  dqmit  of  the  Silurian  rocks  and  their  elevation  ahaoe 
the  ocean.  If  it  were  demonstrated  or  generally  believed  that  the 
preyalence  of  the  drift  in  other  parts  of  the  Northwest,  in  the 
same  latitude,  is  due  to  the  submergence  of  the  continent  beneath 
the  ocean  since  the  Tertiary  age,  this  assumed  cause  would  be 
apropos.  But  on  the  contrary  it  is  pretty  generally  agreed  by 
geol(^ists,  both  in  America  and  Europe,  that  the  drifb  is  due  to 
the  former  existence  of  glaciers  that  covered  the  surface  of  the 
country,  and,  moving  generally  southward,  not  only  brought  from 
the  northern  regions  the  foreign  substances  that  constitute  the 
drift,  but  required,  for  their  existence,  that  the  land  surface  should 
be  raised  several  hundred  feet  at  least  above  the  ocean  during  their 
prevalence.*  Again  there  is  every  reason  to  suppose  this  region 
has  been  submerged  since  the  age  of  the  Silurian.  It  is  difficult  to 
conceive  what  could  have  produced  the  horizontal  lamination  of 
the  loess  loam,  unless  it  be  attributed  to  the  action  of  standing,  or 
bat  slightly  agitated  water.  This  loam  not  only  exists  along  the 
immediate  river  valley,  but  is  spread  widely  over  the  highlands  of 
the  whole  district.  It  is  true  there  is  no  evidence  of  its  haying 
been  the  product  of  marine  depositions,  on  the  contrary  it  is  evi- 
dently of  fresh  water  origin  ;  but  that  the  coimtry  has  been  deeply 
submerged  and  remained  so  for  a  long  period  within  recent  geolog- 
ical time  can  hardly  be  questioned.  There  is  also  reason  to  believe 
that  some  portions  of  it  were  buried  beneath  the  waters  of  the 
Cretaceous  ocean. 

In  the  light  of  the  more  recent  investigations  of  geologists  it 
is  safe  to  take  for  granted  the  following  conclusions  respecting  the 
drift,  so  far  as  they  bear  on  this  question. 

•  ThOM  IntorMted  in  this  tulitject  will  And  it  •zhaattiyely  treated  in  James  Geikie'8 
Great  les  Age,  and  iU  relation  to  the  onHguity  q^  Mat^   Second  Edition,  1877. 
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Ist.  That  the  earth  suflfers  siich.  changes  of  climate  that,  after 
the  lapse  of  long  periods,  the  temperate  latitudes  become  frigid, 
and  are  covered  with  continental  ice-fields  or  glaciers,  which  have 
a  slow  movement  southward. 

2d.  That  between  these  periods  conditions  of  more  genial  cli- 
mate prevail,  when  vegetation  and  animal  life  return  slowly  to 
inhabit  the  countries  from  which  they  had  been  driven  by  the 
rigors  of  the  previous  cold. 

3d.  That  the  severity  of  the  cold  during  the  successive  glacial 
epochs  is  not  always  the  same ;  but  that  the  ice-fields  are  more 
extensive  during  some  than  during  others. 

These  continental  ice-fields,  while  conforming  in  general  to  the 
laws  and  conditions  of  a  solid,  yet  exhibited,  as  glaciers  do  now, 
many  of  the  characteristics  of  a  plastic  body,  warped  and  moved 
by  the  force  of  gravity,  and  hence  exemplified  many  of  the  princi- 
ples of  running  water.  The  tendency  for  them  was  to  seek  the 
low  lands  and  to  avoid  the  natural  obstructions  presented  by  moun- 
tains or  by  hills. 

In  examining  the  topography  and  the  geological  structure  of  the 
country  lying  to  the  north  of  this  so-called  driftless  tract,  it  is  evi- 
dent that  the  great  valley  of  the  Lake  Superior  region,  once  occupied 
by  glacial  ice,  would  overflow,  both  first  and  last,  along  the  lines 
of  the  lowest  outlet,  and  that  perhaps  the  higher  and  less  passable 
parts  along  its  southern  barrier-shore  would  never  be  entirely  sur- 
mounted. The  continental  glacier,  in  this  region,  would  flow 
toward  the  southwest  or  south,  guided  by  the  main  topographical 
features.  In  north-central  Wisconsin  is  an  isolated  area  of  gran- 
itic and  metamorphic  rock,  which  not  only  extends  to  the  shore  of 
Lake  Superior,  but  wedges  out  northeastwardly  in  the  form  of  a 
long,  high  and  persistent  point  or  spur,  in  the  southern  part  of 
Lake  Superior,  known  as  Kewenaw  Point,  in  the  State  of  Michi- 
gan. It  is  plain  to  see  that  this  point  would  act  on  a  crowding^ 
but  somewhat  flexible  mass  of  ice  as  an  entering  wedge  to  split  it 
into  two  main  masses,  and  that  the  widening  of  the  wedge,  in  the 
granitic  region  of  northern  Wisconsin,  would  perpetuate  the  divis- 
ion so  as  to  cause,  if  other  topography  were  favorable,  a  constant 
flow  along  the  northwest  side,  and  another  in  a  more  southerly 
direction,  that  would  spread  over  northern  Michigan  and  find  its 
easiest  exit  through  the  valleys  of  lakes  Michigan  and  Huron. 
According  to  Prof.  R.  Irving,  and  Messrs.  Foster  &  Whitney,*  the 
western  end  of  Lake  Superior  lies  in  an  Archaean  synclinal  trough 

*Am0Hcan  Journal  of  SoUne^t  M  S&ri€$t  Vol*  Vlllt  p,  64.    Report  on  the  Geology  of  the 
Lake  Soperlor  Land  Dlatrlct. 
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nmning  southwesterly.  This  again  would  divert  the  flowing  ice 
over  the  northeastern  portions  of  Minnesota  to  the  expense  of 
northern  Wisconsin.  Glacial  scratches  on  the  rocks  at  Duluth, 
at  the  western  extremity  of  the  lake,  have  a  west-southwesterly 
direction. 

Now  it  is  a  striking  coincidence  that  this  driftless  tract  lies 
nearly  south  and  in  the  lee  of  this  wedge-like  area  of  metamorphic 
rock,  and  would  be  protected  from  the  ice-flow  by  it.  It  is  hence 
reasonable  to  infer  that  the  absence  of  the  drift  in  this  region  is 
due  to  the  existence  of  this  protecting  barrier  lying  to  the  north 
of  it  in  Wisconsin,  while  further  to  the  south  the  two  main 
branches  of  the  ice-flow  again  united  and  spread,  before  their  final 
retirement,  a  continuous  sheet  of  drift  over  central  Illinois,  and 
southern  Iowa. 

It  is  very  evident,  from  the  fact  that  the  remains  of  an  older  drift 
sheet  are  found  under  the  loam  in  some  of  the  western  parts  of  this 
tract,  (see  report  on  Fillmore  county,)  while  the  latest  drift  sheet 
does  not  spread  so  far  nor  so  wide,  that  the  last  period  of  cold  was 
far  less  intense  than  some  former  one  had  been.  This  last  drift 
sheet  is  spread  over  the  ancient  soil,  containing  vegetation  in  a 
nearly  continuous  layer,  the  remains  of  a  forest  which  flourished 
between  the  two  glacial  periods,  along  the  margin  of  the  last  ice- 
field. This  belt,  characterized  by  buried  soils  and  wood,  crosses 
FiUmore  and  Olmsted  counties,  and  it  is  probably  true  that  wher- 
ever such  remains  are  found,  in  a  flat  country  like  southern  Min- 
nesota, lying  under  glacial  drift,  they  mark  the  point  where  glacier 
ice  ceased  to  act  powerfully  enough  to  disrupt  the  old  soils.  Such 
ancient  soils  may  have  existed  on  the  top  of  older  glacial  drift,  or 
on  any  other  surface.  It  is  probable  that  it  was  during  the  pre- 
valence of  the  last  glacial  period,  or  just  as  the  ice  began  to  recede 
so  as  to  produce  copious  waters,  that  the  loess  loam  of  the  Missiis- 
sippi  valley  was  deposited  over  this  region,  and  that  at  the  same 
time  the  waters  of  the  Minnesota  were  augmented  by  the  drainage 
of  the  entire  Winnepeg  and  Red  river  valleys  through  its  channel, 
some  of  them  at  first  reaching  the  Mississippi  through  the  Cannon 
and  the  Vermillion  river  valleys.  At  first  these  waters  spread  ir- 
regularly and  widely,  fluctuating  with  the  seasons,  so  as  to  leave  no 
recognizable  beach  lines  ;  but  at  length  when  the  most  of  the  state 
had  been  left  by  the  retreating  glacier,  they  became  more  uniform 
in  their  volume  and  were  confined  to  the  actual  river  gorge.  They 
seem  to  have  maintained,  for  a  long  period,  a  pretty  uniform  stage 
at  this  point,  for  when,  on  the  drainage  of  the  Winnepeg  basin 
toward  the  north,  consequent  on  the  final  retreat  of  the  ice  beyond 
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the  mouth  of  the  Nelson  river,  in  British  America,  the  Min- 
nesota was  reduced  to  about  its  present  dimensions,  a  high  terrace 
was  left  along  the  Mississippi,  through  all  this  driftless  region  and 
also  farther  south.  The  high  water  in  the  Mississippi  ascended 
the  gorges  of  the  tributary  streams,  retarding  their  flow  and  caus- 
ing similar  terraces  along  their  lower  reaches. 

[NoTB.— In  the  report  for  1875  it  was  stated  (page^se)  ;that  no  drift-clay 
like  that  which  covers  the  western  part  of  Fillmore  connty  had  been  seen 
overlain  by  the  loess-loam,  except  that  which  pertains  to  the  general  drift 
sheet  of  the  northwest,  where  the  loam  overlaps  the  later  drift.  In  passing 
through  Fillmore  county  in  1876,  the  remains  of  this  ancient  drift  sheet  were 
seen  at  numerous  places  between  Sec.  4,  Canton,  and  Lenora.  At  one  point 
it  is  a  light-colored,  or  ashen,  gravelly  clay  which  above  is  very  irony  or 
rusty.  Over  the  surface  are  numerous  fragments  of  chert  with  some  small 
boulders  of  granite,  and  greenstont- ,  and  Jasper  and  quartsite  pebbles.  This 
is  the  flrst  satisAictory  identification  of  the  old  gravelly  clay  within  the 
loam-covered  area,  or  driftless  tract.  It  is  covered  with  several  feet  of 
loam.    It  is  seen  simUarly  N£.  i.  Sec  12,  Canton.] 

AUuvkd  Terraces. 

There  is  a  marked  alluvial  terrace  that  accompanies  the  Missis- 
sippi and  Boot  rivers,  and  ascends  their  lower  tributaries,  but  it 
does  not  seem  to  be  true  that  all  the  streams  are  terraced  before 
reaching  the  level  of  this  terrace.  This  indicates  that  the  high 
water  which  produced  that  terrace  was  due  to  backing  up  from  the 
Mississippi,  and  that  possibly  the  country  itself  in  general  was  not 
more  wet  than  it  is  at  present ;  in  other  words,  that  the  amount 
of  surface  drainage  that  passed  down  the  valleys  W€is  no  greater 
than  now.  Root  river  was  simply  wider  and  deeper,  with  a  slug- 
gish current,  due  to  the  greater  volume  of  the  Mississippi.  The 
highest  point  at  which  the  terraced  condition  of  Root  river  has 
been  observed  is  Preston,  in  Fillmore  county,  but  it  must  certainly 
extend  several  miles  further  up  that  valley.  By  aneroid  measure- 
ments, united  with  levels  of  the  S.  M.  R.  R.,  the  hight  of  this 
terrace  at  Preston  is  foimd  to  be  about  300  feet  above  the  Grand 
Crossing  of  the  S.  M.  R.  R.  near  the  mouth  of  Root  river,  while 
the  same  terrace  at  Hokah,  likewise  near  the  mouth  of  Root  river, 
is  only  about  100  feet  above  the  flood  plain.  It  is  also  probable 
that  the  loam  terrace,  as  seen  at  La  Crescent,  is  the  same  contin- 
ued to  and  coalescent  with  the  Mississippi  terrace  ;  and  there  it  is 
90  feet  above  the  Mississippi  flood  plain.  This  would  necessitate  a 
fall  of  about  200  feet  in  the  Root  river  at  its  highest  stage,  in  a  dis- 
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tance  of  60  miles  in  a  right  line.  If  this  fall  can  be  explained  con- 
sistently with  the  assumed  back-water  condition  of  the  Root  river, 
at  that  time,  it  will  further  confirm  the  hypothesis  that  the  Mis- 
sissippi then  drained  the  Red  River  and  Winnipeg  regions,  receiv- 
ing their  waters  from  the  Minnesota.  It  seems  further  that  this 
explanation  is  necessary  to  the  maintenance  of  that  hypothesis  ; 
for  if  Root  river  was  maintained  at  that  high  level  by  the  demands 
of  its  own  drainage  area,  then  much  more  the  Mississippi  could 
also  have  been  kept  there  without  the  aid  of  the  Winnipeg  waters. 
Root  river  valley,  between  the  rock-bluflfe,  has  an  average  width, 
through  Houston  county,  of  about  two  miles,  and  that  would 
have  been  the  width  of  the  stream,  with  a  depth  of  ov^r  one  hun- 
dred feet. 

There  is,  besides  this  high,  loam-terrace,  a  second  terrace 
level,  visible  specially  at  La  Crescent,  on  the  Mississippi,  which 
there  rises  50  feet  above  the  flood  plain  of  the  river  and  spreads  out 
in  a  pleasant  plateau  on  which  the  village  has  been  located.  This 
terrace  is  made  of  gravel  and  pebbles  of  northern  origin,  and  was 
identified  only  along  the  Mississippi.  The  largest  stones  it  con- 
tains are  about  8  in.  in  longest  diameter.  It  is  passed  through 
in  wells,  and  seems  to  be  entirely  pervious  to  water,  as  all  wells 
on  it  get  water  at  about  the  level  of  the  flood  plain  of  the  river. 
This  material  is  used  for  grading,  and  road-bed,  on  the  C.  D.  &  M. 
R.  R.,  and  elsewhere.  It  consists  entirely  of  rounded  Vaterworn 
materials,  the  main  part  being  the  usual*  parti-colored  quartzite 
pebbles,  granitic,  hornblendic,  amyglaloidal,  and  lamellar,  as  well 
as  uniform  and  massive.  A  great  many  of  them  have  a  red  color, 
or  some  shade  varying  from  red.  The  coarsest  pieces  are  ra^e, 
found  only  in  the  upper  portions  of  the  debris  of  alluvial  fans. 
.  The  following  more  special  observations  were  made  on  these  ter- 
races in  Houston  county.  At  Sheldon,  six  miles  from  Root  river, 
in  the  valley  of  Beaver  creek,  the  terrace  on  which  the  Newberry 
House  stands  is  30  feet  above  the  water  of  the  creek  below  the 
dam.  The  materials  of  the  terrace  at  this  place  are  sandy  loam 
horizontally  stratified,  with  more  clay  near  the  top,  and  less  evi- 
dent stratification. 

At  Houston  the  only  observable  terrace,  measured  about  a  mile 
west  of  the  city,  is  65  feet  above  the  flood  plain.  The  track  of  the 
R.  R.,  is  about  one  foot  above  the  flood  plain  of  the  river,  which 
is  18  feet  higher  than  the  water  below  the  mill-dam. 

At  Money  creek  the  terrace  rises  30  feet  above  the  flood  plain 
which  is  20  feet  above  low  water  below  the  mill-dam.  The  con- 
tents of  the  terrace  are  stratified.     On  Sec.  30  in  this  town  the 
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contents  of  the  Root  river  terrace,  and  their  arrangement, 
^hown  by  the  following  sketch  which,  was  taken  on  the  spot : 
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The  full  hight  of  the  bank  is  about  20  feet  where  the  section  is 
taken.  At  a  point  further  to  the  right  than  is  shown  in  the 
sketch  a  couple  of  bones  were  found,  but  in  the  confused  and 
broken  uppermost  layer.  They  were  where  that  layer  comes  down 
to  the  river,  and  about  3  feet  below  the  surface,  or  5  feet  above 
the  water  of  the  dam,  the  surface  of  the  bank  sloping  about  45 
degrees. 

At  Hokah  the  village  is  on  a  terrace  65  feet  above  the  flood-plain 
of  Root  river,  and  there  is  a  distribution  of  loam  about  the  bluffs 
at  a  higher  level,  (as  well  as  at  many  other  points  along  Root  river 
valley)  reaching  to  a  hundred  feet,  or  a  little  more,  above  the  flood- 
plain.  This  loam  appears  in  indistinct  benches  or  terrace-levels, 
or  patches  of  terrace,  rising  often  with  a  slope,  far  up  the  rock- 
bluflfs.     It  very  rarely  api)ears  level,  as  a  well-marked  terrace.     It 
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suggests  rather  a  worn-out  old  terrace-level,  the  upper  surface  of 
which  has  suffered  erosion  by  being  gullied  out  and  smoothed  off 
toward  the  river.  It  is  generally  cultivated  for  farms,  and  has 
good  wheat-fields,  consisting  pf  the  same  materials  as  the  lower 
terrace.     Its  actual  hight  is  difficult  to  ascertain. 

SW.  i  Sec.  22,  La  Crescent.  By  the  roadside  appears  a  terrace 
rising  about  50  feet,  which  at  the  top  consists  of  the  fine  loam 
of  which  the  foregoing  terrace  is  composed,  showing  at  least  eight 
feet  of  such  material,  while  its  lower  20  feet  sM  of  drift-gravel, 
which  is  coarse  and  obliquely  stratified,  the  coarsest  pebbles  being 
one  or  two  inches  in  diameter.  This  occurs  on  the  rounded 
point  of  the  rock-bluff  which  faces  both  valleys. 

The  village  of  La  Crescent  stands  on  a  beautiful  terrace  of  drift- 
gravel,  generously  laid  out,  with  wide  streets  and  alleys,  60  feet 
above  the  flood-plain  of  the  Mississippi.  This  terrace  slopes 
gradually  toward  the  high  rock-bluffs.  It  is  surmounted,  along 
the  bluffs,  by  anpther  terrace,  rising  40  feet  higher,  which  consists 
of  loam.  " 

This  drift-gravel  must  be  attributed  to  the  agency  of  the  river. 
It  has  every  feature  of  a  water- worn  alluvial  deposit.  It  is  not 
found  in  Houston  county  in  any  of  the  valleys  of  other  streams, 
back  from  the  Mississippi.  It  ante-dates  the  loess  loam,  as  that  is 
terraced  above  it,  and  probably  bears  the  same  relation  to  an  earlier 
glacial  epoch  as  the  terraced  loam  does  to  the  last. 

At  Brownsville  the  loam-terrace  is  80  feet  above  the  flood-plain 
of  the  Mississippi. 

At  Yucatan  the  terrace  flat  is  40  feet  above  the  present  flood- 
plain  of  the  South  Fork  of  Root  river.  The  flood-plain  is  6  feet 
above  low  water. 

At  Freeburg  the  terrace  is  20  feet  the  flood-plain  of  Crooked 
creek,  which  is  5  feet  above  the  water  of  the  creek. 

Wells  in  Hmston  County. 

A  few  wells  situated  in  the  valley  of  Root  river  have  disclosed 
vegetable  remains  at  about  the  level  of  the  flood-plain,  and  proba- 
bly the  terraces  generally  cover  a  layer  of  vegetable  remains  that 
was  caused  by  the  decay  and  burial  of  pre-glacial  plants.  This  has 
only  been  detected,  so  far  as  known,  at  Hokah,  and  at  La  Crescent. 
At  the  former  place  the  well  of  Isaac  West  was  filled  again  because 
the  "muck-bed"  rendered  the  water  unfit  for  use.  The  same  is 
true  of  William  Wykoff 's  and  W.  F.  Weber's,  and  a  number  of 
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others.    Probably  the  characters  of  Mr.  Pidge's,  as  given  below, 
are  those  common  to  most  of  them. 

B.  F.  Pidge's  WeU  at  Hokah. 

It  is  situated  on  the  lower  terrace. 

FMt. 

Loam  and  sand 50  or  65 

Vegetation,  leaves,  stick,  mnck,  &c, 4 

Sand,  with  some  coarse  pnbbles, '« literally  filled  with  sxiail  shells"  4 

White  sand,  yielding  water 5 

The  water  of  this  well  tastes  rather  peculiar,  and  at  first  it  was  not 
fit  for  use.  Sometimes  still  it  comes  up  black,  like  dye,  but  by 
use  it  becomes  clearer,  and  is  used  for  all  domestic  purposes,  with- 
out injurious  effects.  Sugar  of  lead  causes  it  to  become  milky 
white.  Acetate  of  potassa  produces  no  change  ;  sulphate  of  zinc 
no  change.  When  it  rises  in  the  bucket  it  is  not  clear,  but  some- 
what cloudy,  as  if  with  clay. 

The  well  of  Mr.  Thos.  Fairbanks,  at  Mound  Prairie,  disclosed  a 
bone,  now  said  to  be  in  the  possession  of  Dr.  Armstrong,  at 
Hokah.  Efforts  that  have  been  made  to  secure  facts  in  referrence 
to  this  discovery,  and  further  account  of  the  bone,  have  been  un- 
successful. 
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Throughout  the  county  are  numerous  springs,  some  of  which 
are  very  large,  and  gush  out  along  the  valleys.  They  seem  to  be 
the  outlets  of  subterranean  streams.  Those  above  Biceford  fur- 
nish the  water  for  the  flouring  mills  at  that  place.  There  is  also 
a  large  one  on  Sec.  17,  Caledonia,  three  miles  south  of  Sheldon. 
They  seem  to  frequent  the  horizon  of  about  80  feet  below  the  top 
of  the  St.  Lawrence  limestone,  and  indicate  a  shaly;  or  otherwise 
impervious,  layer  there  in  that  formation. 

Material  Resources. 

The  rocks  of  the  county  do  not  contain  any  valuable  minerals. 
They  are  everywhere  abundantly  exposed,  and  are  quarried  at 

many  places  for  ordinary  building-stone  and  for  quicklime. 

*  . 

Building  Stone. 

At  Spring  Grove  the  Lutheran  society  is  building  a  large  church, 
of  brick,  the  basement  being  from  the  Lower  Trenton,  in  layers 
of  four  to  six  inches,  taken  from  quarries  near  the  village.  The 
heavy  trimmings  are  from  the  St.  Lawrence  limestone.  The  quar- 
ries are  owned  by  Gteorge  Timansen  and  Ole  Tostenson. 

The  Toledo  Woolen  Mill,  of  Fletcher  &  Williams,  Sec.  5,  La 
Crescent,  is  built  of  the  St.  Lawrence,  quarried  near. 

At  Caledonia  the  St.  Lawrence  is  extensively  used  for  building, 
quarried  about  a  mile  east  of  the  village.  The  German  Catholic 
church  is  the  principal  building  made  of  it,  being  also  the  largest 
building  in  the  place.  The  county  jail  is  a  fine  building  of  the 
same,  the  courses  being  about  ten  inches  thick,  rubble  dressed, 
with  trimmings  of  the  same.  The  business  blocks  of  Nicholas 
Koob,  J.  J.  Belden,  Jolin  Krantz,  Joseph  Vossen,  Jacob  Bouquet 
and  Nix  Erstine  are  also  constructed  of  the  same  stone.  The' 
quarries  are  owned  by  John  Molitor,  John  Dorsh,  Anton  Molitor, 
Widow  Cunningham  and  John  Aiken. 

On  Sec.  24,  Spring  Grove,  Mr.  K.  Gilbertson  has  a  two-story 
stone  residence  on  his  farm,  quarried  from  the  Trenton. 

At  Money  Creek,  Harvey  Chapel  has  a  quarry  that  furnishes 
good  stone  for  building,  though  much  of  that  which  is  used  is 
taken  from  the  surface  near  the  tops  of  the  bluflfe,  having  been 
loosened  and  broken  up  by  the  weather. 

On  the  NE.  i  Sec.  11,  Caledonia,  is  Mrs.  M,  Brown's  stone 
house,  built  of  the  Lower  Magnesian. 

Mr.  J.  Kline  has  a  fine  farm-house  of  stone  taken  from  the  St. 
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Lawrence,  on  Sec.  19,  Union.     Near  Mr.  Kline's  quarry  is  an 
other  owned  by  Henry  Snure.    There  is  another  on  Sec.  29,  Union, 
owned  by  Michael  Wilhelm.     L.  Svenson's  is  on  Sec.  2,  (S.  E.) 
Houston.  ^ 

The  principal  quarries  at  Hokah,  now  worked,  are  those  of 
Nath.  Whiteman,  in  the  St.  Croii  sandstone,  and  Widow  Prindle. 
The  stone  of  Mr.  Whiteman 's  quarry  is  a  harsh,  argillaceous  sand- 
rock,  in  layers  a  few  inches  thick,  which  becomes  firmer  on  exposure. 
The  best  building  stone  lies  higher  up  in  the  bluffs,  and  was  opened 
in  Mt.  Tom  by  the  S.  M.  R.  R.  for  the  construction  of  their  shops. 
It  is  from  the  St.  Lawrence. 

At  La  Crescent  the  public  school-house  was  built  of  stone  from 
Potter  &  Taylor's  quarry,  likewise  in  the  St.  Lawrence,  north  of 
La  Crescent,  in  the  edge  of  Winona  county. 

Lang's  brewery.  Sec.  28,  Hokah,  is  a  large  stone  building  near 
the  river,  built  of  limestone  from  near  the  top  of  the  bluff. 

There  is  also  a  fine  stone  farm-house  owned  by  Wm.  Splitter,  on 
Sec.  21,  La  Crescent,  in  Root  river  valley.  The  Nunnery,  Sec.  28, 
La  Crescent,  was  constructed  of  stone  got  from  the  bluffs  near,  in- 
cluding also  that  used  for  quicklime.  These  are  all  from  the  St. 
Lawrence. 

On  Winnebago  creek  (Sec.  22,  Winnebago,)  Mr.  B.  T.  Barbour 
has  a  stone  flouring  mill. 

0.  T.  West  has  a  limestone  quarry  at  Brownsville,  which  sup- 
plied heavy  stone  for  the  railroad  and  for  other  uses.  Mr.  Job 
Brown's,  at  the  same  place,  furnished  the  limestone^foundation 
for  the  public  school-house. 

The  foregoing  are  a  few  of  the  stone  buildings  in  the  county,  • 
but  there  are  several  others  which,  though  noticed  in  the  progress 
of  the  survey,  were  not  carefully  located,  and  cannot  be  referred 
to.  The  St.  Lawrence  supplies  by  far  the  greater  portion  of  the 
building-stone  used  in  the  county.  There  is  not  a  single  known 
workable  quarry  in  the  Shakopee,  though  exposed  as  favorably  as 
the  St.  Lawrence.  It  is  uniformly  ignored.  It  is  harder  to  work, 
has  cherty  lumps  and  siliceous  concretions  which  not  only  disturb 
the  bedding  but  render  it  diflBcult  to  cut  into  desired  shapes,  and 
is  generally  in  thinner  layers.  The  color  is  much  the  same  as  that 
of  the  St.  Lawrence,  being  buff,  or  slightly  salmon-colored,  but 
the  St.  Lawrence  is,  where  most  used  for  building,  also  somewhat 
open  or  vesicular  in  texture.  Thus  mortar  sets  firmly  upon  itj 
and  forms  a  sutured  attachment.  When  the  St.  Lawrence  stone 
is  first  taken  out  it  cuts  more  easily  than  after  exposure  for  a  few 
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weeksy  a  fact  which  seems  to  be  true  of  nearly  all  good  building 
stone.  ' 

,  Strength  of  Minnesota  BuUding -stones, 

A  series  of  experiments  has  been  carried  on  by  Gten.  Q.  A.  Gil- 
more,  under  the  direction  of  Gen.  A.  A.  Humphreys,  Chief  of 
Engineers,  TJ.  S.  A.,  during  several  years,  on  the  strength  of  vari- 
rious  building-stones  in  the  United  States.  The  tests  that  have 
been  made  are  conducted  with  great  care  and  precision,  and  de- 
monstrate the  compressive  strength,  specific  gravity  and  ratio  of 
absorption,  of  the  stones  tested.  In  the  report  of  the  Chief  of 
Engineers  for  1875  is  a  general  table  giving  results,  and  in  that 
table  are  named  the  following  building  stones  from  Minnesota. 
Two-inch  cubes  were  crushed  under  a  powerful  press. 
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Sand. 

The  St.  Peter  formation  is  excavated  for  mortar-sand  by  Jesse 
Schofield,  Sec.  14,  Caledonia,  and  by  John  Bums  on  Sec.  26. 
This  white  sand  is  delivered  at  Caledonia  village  for  $1.25  per  load, 
or  occasionally  for  $1.50. 

The  St.  Croix  furnishes  a  similar  sand  near  Mr.  Byline's,  Sec.  16, 
Union.  These  formations  will  supply  a  similar  sand  in  any  part 
of  the  county  where  they  are  accessible,  the  layers  in  the  St.  Croix, 
however,  are  about  200  feet  below  the  top  of  the  formation. 

At  Mr.  bchofield's  sand  quarry,  about  a  mile  west  of  Caledonia, 
is  a  large  mass  of  "  lamellar  calcite, "  lying  on  the  slope  of  the  St. 
Peter,  and  nearly  covered  by  the  loam.  In  that  respect  it  is  like 
a  similar  mass  seen  near  St.  Charles,  in  Winona  county,  in  1872, 
and  mentioned  in  the  report  for  that  year,  but  it  seems  more  firm 
than  that.  This  appears  like  a  firm,  very  compact  rock,  consist- 
ing of  almost  pure  carbonate  of  lime,  but  somewhat  colored.  It  is 
mainly  massive,  and  striated,  or  laminated,  but  shows  some  crys- 
talline grains.  It  weathers  into  undulating  or  wavy,  smooth 
surfaces.  There  is  another  much  larger  mass,  weighing  many 
tons  on  the  land  of  Mr.  Willard,  a  short  distance  west.  These 
masses  can  be  burnt  into  a  purely  white  quicklime  of  great  strength. 

The  age  and  origin  of  this  calcite  involves  an  interesting  prob- 
lem. When  that  piece  was  found  in  Wiilona  county,  in  1872,  it 
was  referred  hypothetically  to  the  Trenton  Green  Shales,  or  to  the 
worn-out  Cretaceous  that  may  have  covered  that  country,  making 
it  of  rock  origin,  either  Lower  Silurian  or  Mesozoic,  but  there  is 
much  reason  to  believe  these  calcite  masses  are  not  referable  to 
the  rock  in  $Uuj  but  are  of  atmospheric  origin,  being,  in  short,  the 
remains  of  immense  travertine  deposits  from  limy  water  running 
down  the  St.  Peter  slope  from  springs  that  once  existed  but  are 
now  dry.  They  lie  on  the  slope  of  the  outcropping  edge  of  the  St. 
Peter,  just  below  the  Green  Shales  which  shed  all  the  water  that 
works  downward  through  the  Upper  Trenton  limestone  ;  but  they 
are  also,  so  far  as  discovered,  in  regions  where  the  Upper  Trenton 
does  not  now  exist,  the  only  remaining  porticto  of  the  Trenton 
being  that  which  lies  below  the  Green  Shales.  This  is  strikingly 
the  case  near  Caledonia,  where  the  Trenton  is  reduced  to  mounds 
and  tables,  capping  the  St.  Peter  sandstone,  very  far  isolated  from 
the  main  area  of  the  Trenton.  To  suppose  this  calcite  is  due  to 
springs  caused  by  the  Green  Shales,  a  common  phenomenon  now 
in  Fillmore  county,  is  to  require  the  former  existence  of  the  Upper 
Trenton,  with  a  considerable  thickness  of  strata,  over  all  the  re- 


Digitized  by 


Google 


SUBYET  OF  MQfKESOTA.  49 

gion  of  Caledonia,  and  extending  far  enough  north  and  east  to 
famish  drainage  surface  sufficient  to  maintain  such  springs.  This 
is  not  inconsistent  with  the  history  of  geological  changes,  nor  with 
the  lax)Be  of  time  since  the  Trenton  was  elevated  to  the  condition 
of  dry  land.  The  present  existence  of  isolated  patches  of  the 
Lower  Trenton,  both  in  Minnesota  and  Wisconsin,  can  only  be 
explained  on  the  theory  that  the  whole  formation  was  once  more 
largely  spread  in  horizontal  strata  over  those  states,  than  at  pres- 
ent. Then  an  extension  of  the  Lower  Trenton  so  as  to  embrace 
in  one  sheet  of  layers  these  isolated  j)atches,  is  no  more  than 
ehough  to  bring  also  the  Upper  Trenton  into  the  region  of  these 
calcite  masses.  The  present  outlines,  shape  and  position  of  the 
areas  of  the  Lower  Trenton,  demonstrate  that  they  are  only  the 
relics  of  once  greater  areas  which  have  been  eroded  and  removed 
slowly,  and  left  as  they  are  because  they  have  been  better  protected 
against  destructive  agents.  While  Root  river  has  beenexcavaCing 
the  gorge  in  which  it  runs,  500  feet  deep  and  two  miles  wide,  the 
Trenton  limestone,  which  at  first  may  have  extended  as  far  north- 
east as  to  Hokah,  has  been  slowly  receding  under  the  operation  of 
denudation  and  surface  drainage.  These  calcite  masses,  then,  are 
relics  of  pre-glacial  time,  ai^d  perhaps  of  early  pre-glacial  time, 
since  the  last  glacial  epoch  did  not  operate  in  -Houston  county  so 
as  to  disturb  the  older  surface.* 

Brick. 

The  loam  everywhere  is  suitable  for  making  brick,  which  are 
uniformly  red.    The  following  establishments  were  seen : 

Stephen  Robinson,  Money  Creek ;  two  miles  south  of  the 
village 

Fischer  ft  Keller,  Caledonia ;  began  last  year ;  burnt  three  kilns, 
and  sold  at  $8.00  per  thousand. 

Brick  were  formerly  made  at  La  Crescent. 

The  Lutheran  Society,  at  Spring  Grove,  manufacture  on  the 
spot  a  fine  red  brick  from  the  loam  taken  out  for  foundations  and 
basement  of  their  lai^  new  church  edifice. 

Lime. 

The  Trenton  and  the  St.  Lawrence  furnish  all  the  quicklime 
made  in  Houston  county.    There  are  no  extensive  manufacturers, 


*  See  th«  Piint  Annual  B«port,  p.  47. 
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but  the  common  pot-kiln  is  found  at  a  number  of  points,  by  which 
enough  is  made  to  satisfy  the  local  demands. 

OleTimro,  sec.  24,  Money  Creek St.  Lawrence. 

Gilbert  Nelson,  Spring  Grove Trenton. 

Michael  Blasen,  li  mile  west  of  Caledonia Trenton. 

Peter  Kreer,  ne.  i  sec.  29,  MayvlUe St.  Lawrence. 

John  Gross,  1  mile  nw.  Arom  Brownsville St.  Lawrence. 

John  MoUtor,  1  mile  east  of  Caledonia St.  Lawrence. 

George  Tlmansen,  Spring  Grove Trenton. 

Ole  Tostenson,  SprlngGrov^. Trenton.     ^ 

Wm.  E.Potter,  LaCrescent St.  Lawrence. 

SamnelPoand,  sec.  12,  Hokah St.  Lawrence. 

Lead. 

It  is  a  common  belief  at  La  Crescent,  held  by  Mr.  Enapp,  Mr. 
Day  and  others,  that  the  lead  enterprise  at  Dresbach,  mentioned 
by  Dr.  Owen  in  his  final  report  on  the  geology  of  Wisconsin, 
Iowa  and  Minnesota,  was  a  speculating  job,  got  up  for  the  pur- 
pose of  creating  an  excitement  and  selling  land.  The  reputed 
discoverers  were  men  firom  Oalena^  HI.,  and  the  lead  found  is 
believed  to  have  been  brought  from  that  place.  The  excitement 
soon  died  out,  and  all  operations  ceased  the  same  season  they 
began,  and  have  never  been  revived.  Whether  this  be  true  or 
not  the  rock,  though  not  the  same  as  that  at  Galena,  is  about  the 
same  as  that  in  which  are  the  lead  mines  in  Missouri. 

Earthtvorks, 

I     At  La  Crescent  are  a  great  many  so-called   Indian  Mounds. 

j  Many  have  been  graded  away,  but  a  good  many  still  exist.  They 
are  on  the  brow  of  the  drift-terrace,  or  lower  bench,  and  none  are 
known  on  the  upper,  loam-terrace.  They  are,  as  usual,  in  rude 
rows,  and  about  three  feet  high,  some  of  them  being  four  feet. 
When  opened  they  have  been  found  to  contain  human  remains  of 
men  of  large  stature,  and  it  is  said  that  in  grading  for  the  railroad 
a  copper  skillet  and  other  trinkets  were  found  at  the  depth  of  18 
feet  below  the  suiface. 
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III. 

PALAEONTOLOGY. 


Notes  on  the  fossils  of  the  Trenton  limestone  in  Minnesota. 

Since  the  examination  by  Prof.  James  Hall,  of  the  fossils  of  the 
Trenton,  Black  river  and  Birdseye  limestones  of  New  York,  and 
the  publication  in  1846  of  his  large  pioneer  volume  on  the  palaeon- 
tology of  the  rocks  of  the  United  States,  which  makes  the  1st 
Yolmne  of  the  New  York  State  Palaeontology,  nothing  so  tho^ugh 
as  his  work  has  been  undertaken  on  the  fossiLx^ontents  of  that 
geological  horizon. 

In  Dr.  Owen's  report  on  the  geology  of  Wisconsin,  Iowa  and 
Minnesota,  which  followed  Prof.  Hall's  first  volume,  in  1861,  a 
few  species  occurring  at  the  falls  of  St.  Anthony,  and  on  Turkey 
river  in  Iowa,  are  described,  and  others  are  mentioned  as  identified 
at  various  other  points  in  the  northwest.  The  names  applied  are 
generally  those  of  Prof.  James  Hall,  and  the  identifications  are 
based  on  those  of  the  Trenton  group  of  New  York  State. 

In  Foster  &  Whitney's  Report  on  the  Lake  Superior  Land  Dis-" 
trict  (1851)  a  few  more  species  are  described  and  figured  by  Prof. 
Hall,  derived  from  the  Trenton  limestone  in  Michigan  and  Wis- 
consin. 

In  the  First  Canadian  Decade  (1859)  by  J.  W.  Salter,  other 
species  are  described,  particularly  gasteropods,  and  there  is  also  a 
fall  account  of  Receptcteulites  occidentalism  a  genus  which  Prof. 
Hall  first  announced  from  the  Trenton  but  failed  to  fully  elucidate, 
owing  to  not  having  favorable  specimens. 

In  the  Third  Canadian  Decade  (1858)  Mr.  Billings  has  named 
and  figured  a  number  of  cystids  from  the  Trenton  rocks  of  Canada. 

In  the  Fourth  Decade  (1859)  the  same  eminent  palaeontologist 
describes  the  crinoids  of  the  Trenton  as  found  in  Canada. 

In  1861  was  published  by  the  legislature  of  Wisconsin  a  small 
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volume  containing  descriptions  of  a  number  of  new  species  of 
fossils  from  the  Trenton  of  ttat  state  by  Prof.  Hall,  who  was  then 
State  Geologist  of  Wisconsin.  This  contribution  to  the  palaeon- 
tology of  the  Lower  Silurian  was  printed  only  in  the  legislative 
documents,  and  is  very  rare. 

The  Reports  of  the  New  York  State  Cabinet,  containing  the 
papers  of  the  Curator,  Prof.  Hall,  are  many  of  them  given  largely 
to  palaeontology,  and  a  number  of  them  pertain  to  the  Trenton 
limestone.  These  reports  are  issued  annually,  and  now  number 
27. 

In  the  Annual  Reports  of  Progress  of  the  (Geological  Survey  of 
Canada,  Mr.  Billings  also  continued  to  add  to  our  knowledge  of  the 
palaeontology  of  the  Trenton,  such  material  as  was  gathered  in 
Canada.  The  reports  for  1854,  1857  and  1868  contain  matter  re- 
lating to  the  Trenton.  Subsequently  to  that  he  published  his  de- 
scriptions of  fossils  separately,  and  in  1865  was  issued  a  fine  vol- 
ume on  the  Palaeozoic  fossils  of  Canada  which  was  entirely  the 
work  of  Mr.  Billings,  and  contains  figures  of  a  number  of  Trenton 
species. 

In  1863  appeared  The  Geology  of  Canaday  which,  however,  only 
^ves  figures  and  names  of  species  already  described. 

In  1868  was  published  the  third  volume  of  the  publications  of  the 
Geological  Survey  of  Illinois,  which  contains  some  descriptions  of 
fossils  Arom  the  Trenton  and  Galena  formations,  by  Messrs.  Meek 
And  Worthen. 

Meantime,  in  Tennessee,  Prof.  J.  M.  Safibrd  had  closely  exam- 
ined the  fauna  of  the  Trenton  and  Nashville  series  in  that  state, 
and  without  describing  many  new  species  he  has  given  in  his  vol- 
ume on  the  geology  of  that  state  much  accurate  information  con- 
cerning its  palaeontology,  as  correlated  to  the  same  horizon  in  New 
New  York  state.     This  was  published  in  1869. 

In  1874  appeared  the  first  part  of  Vol.  2  of  Palaeozoic  Fossils  of 
Canada,  by  Mr.  Billings,  but  it  is  mainly  taken  up  with  the  Que- 
bec Group. 

By  the  aid  of  the  foregoing  works  some  progress  has  been  made 
in  the  examination  of  the  Trenton  fossils  of  Minnesota.  The 
specimens  thus  far  examined  are  a  part  of  those  gathered  by  the 
Geological  Survey  of  the  State.  The  examination  is  far  fro^n 
complete.  Indeed  it  has  but  just  begun.  Those  have  been  named 
which  are  identifiable  readily,  leaving  doubtful  specimens,  as  far 
as  the  investigation  has  gone,  to  some  future  time  when  more 
pains  can  be  taken  to  make  sections  and  minute  examinations. 
Moreover,  there  is  a  good  collection  of  Trenton  fossils  in  the  cases 
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of  the  Minnesota  Academy,  and  another  in  the  Academy  at  St. 
Panly  while  one  of  the  best  collections  of  Galena  fossils  that  have 
ever  been  made  is  in  the  possession  of  Mr.  Prank  "Wilson,  at  Man- 
torville,  who  has  kindly  loaned  them  to  the  Survey. 

It  is  hoped  that  with  the  aid  of  these  collections,  after  a  while^ 
a  complete  account  of  the  Trenton  fauna  may  be  made  out  for  the 
Northwest,  and  that  the  study  of  this  formation — so  long  neg- 
lected— ^may  be  made  more  easy  and  attractive. 

The  following  species  have  been  identified  already.  This  list, 
thou^  very  incomplete,  is  here  given  that  it  may  be  seen  how  far 
the  work  has  gone: 

Cephalopoda. 

Endoceras  angnstlcamerttaiD.    HtU. 

EndoceraB  magniventmiD.    HaU. 

Onhoceras  mQlUcameratam.    Con. 

Endoceras  protolforme.    HaU. 

Sndoceras  proteiforme.    HaU.    Var  strangQlatnm.    Hall. 

Endoceras  distans.    Hall. 

Litoites  nndatos.    Con. 

Ormoceras  tennifllam.    HaU. 

CoDolaria  TreDtonensls.    HaU. 

Orthoceras  bUlneatam.    Hall. 

Ortboceras  Jancenm.    HaU. 

10  species. 
Gasteropoda. 

Maclnrea  magna.    HaU. 
Mnrchlsonla  beUlcincta.    HaU. 
MnrcUsonla  bicincta.    HaU. 
Mnrchlsonla  perangnlata.    HaU. 
Mnrchlsonla  angnstata.    Hall. 
Plenrotomaria  nmbilicata.    Hall. 
Plenrotomaria  ambigaa.    HaU. 
Plenrotomaria  lentlcnlarls.    Con. 
Mnrchlsonla  snbftisiformis.    HaU. 
Madnrea  Logani.    Sal. 
Rhaphlstoma  laplcida.    Salter  ( ?) 

11  species. 

Brachiqpoda. 

Strophomena  altemata.    Con. 

Strophomena  tenniatrlata.    Sow.    (a  variety.) 
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Orthis  testndinaria.    Dal. 

Strophomena  flactnosa.    Bill. 

DisciDa  Pelopea.    Bill. 

RhynchoBella  capax.    Con.    (iocrebescens  of  Hall.) 

Orthis  plicatella;    H. 

Orthis  snbquadrata.    H.(  ?) 

Strophomena  nitens.    Bill.(?) 

Lingvla  quadrata.    Eich. 

Orthis  occidentalis.    H. 

Also  nndetermiDed  species  of  Orthis  Leptaena,  Strophomena  Chonetes, 
Lingnla,  Bhynchonella,  and  of  the  Acephal,  Ambonycl^ia. 

11  species. 

Poltfp  Badiates. 

Petrata  comiculom.    H. 
Chaetetes  Lycoperdon.    H. 
Chaetetes  petropolitanns.    Pander. 

8  species. 

CriAstacea, 

niaenas  latidorsata.    Hall  (  ?) 
Isotelus  (Asaphos)  gigas.    Hall. 

2  species. 

Protozoa, 

Beceptaculites  occidentalis.    Sal. 
Receptacnlites  Oweni.    Hall. 

2  species. 

In  addition  to  these  there  is  a  number  of  species  that  have  been 
examined  that  have  proved  to  be  unidentifiable  by  the  use  of  refer- 
ences accessible,  and  some  of  them  may  prove  to  be  new  to  science. 

Of  the  foregoing  species  the  following  pertain  to  the  Lower 
Trenton  or  to  the  Green  Shales  that  separate  the  Lower  Trenton 
from  the  Upper,  and  may  probably  be  found  in  the  neighborhood 
of  Minneapolis,  or  along  the  blu&  of  the  river  below  the  Falls  of 
St.  Anthony : 

Endoceras  angusticameratnm.    Hall. 
Endoceras  magniventrum.    Hall. 
Endoceras  proteiforme.    Hall. 
Endoceras  distans.    HaU. 
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Cbaetetes  Lycoperdon.    Hall. 

Chftetetes  petropolltanos.    Pander. 

Bhaphlstoma  laplclda.    Salter  ( f) 

Petraia  comlcolam.   Hall. 

Orthoceraa  JaDceam.    Hall. 

Orthoceras  mnlticameratnm.    Con. 

Orthoceraa  billneatam.    Hall.    (Record  donbtftil.) 

Isotelas  giRas.    Hall. 

Orthis  testndinaria.    DaL 

Rhynchonella  capax.    Con. 

Lingnla  qaadrata.    Elch. 

The  specimens  from  the  locality  of  Minneapolis  have  not  yet 
been  subjected  to  careful  examination.  There  are  known  to  be 
other  species  of  brachiopods,  graptolites  and  fucoids,  besides  gas- 
teropods  and  corals. 

The  following  have  been  identified  from, the  Upper  Trenton, 
not  including  the  Galena : 

Orthoceras  mnlticameratam.    Con. 

Litaltes  nndatos.    Con. 

Endoceras  distans.    Hall. 

Receptacnlltes  occidentalls.    Sal. 

Endoceras  proteiforme.    Hall.       Var  strangolatum.    Hall. 

Ormoceras  tennifllnm.    HalL 

Hadnrea  magna.    H. 

Haclnrea  Logani.    Salter. 

Plenrotomaria  Lenticnlaris.    Con. 

Cbaetetes  petropolltanns.    Pander. 

Hnrchlsonia  snbfUsiformis .    H . 

Mnrchisonia  bellicincta.    H. 

Receptacolites  Oweni.    H. 

Rhynchonella  capax.    Con. 

The  following  are  known  from  the  Galena  within  the  limits  of 
this  State: 

Endoceras  magnlventrom.    Hall. 
Endoceras  proteiforme.    Qall. 
Receptacolites  Owenl.    Hall. 
Petraia  comlcolnm.    H. 
Connlaria  Trentonensls. 
Strophomena  altemata.    Con. 
Mnrchisonia  blcicnta.    H. 
Isotelns  gigas.    H. 
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Mnrchisonia  pertngoUta.    H. 
Mnrchisonia  angnstata.    H. 
Mnrcliisonia  bellicincta.    H. 
Flenrotomaria  umbilicata.    H. 
Flenrotomaria  amblgoa.    H. 
Strophomena  teDBistriata.    H.  (variety.) 
Orthis  testodiilarla.    Dal. 
Strophomena  fluctuosa.    Bill. 
Discina  Pelopea.    Bill 
Orthls  plicatella.    H. 
Orthia  snbqaadrata.    H.  (  !} 
Strophomena  nltens.    Bill.C?} 
Orthls  occidentalia.    H. 
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IV. 
CHEMISTRY. 


BEPOET  OP  PBOP.    8.    P.   PECKHAM. 


Prcff,  N.  H.  Winchdl: 

Mt  Deab  Sib  : — ^I  have  the  pleasure  of  reporting  the  chemical 
work  on  the  Geological  Survey  for  the  past  year  as  consisting  of  a 
complete  analysis  of  the  so-called,  Russell  Mineral  Spring,  in  Min- 
neapolis  ;  four  specimens  of  coal  and  their  ashes  the  serial  num- 
bers of  which  are  11,  12,  13  and  14  ;  No.  15,  a  sort  of  clay,  and  a 
stone  known  as  the  St.  Lawrence  limestone^  of  which  there  were 
two  specimens  numbered  30  and  31.  I  also  report  the  analyses 
made  for  Messrs.  Kindred  and  Culver  in  the  fall  of  1876. 

The  process  of  analysis  employed  for  the  coals  was  the  same  as 
that  used  by  myself  for  the  analysis  of  some  25  specimens  belong- 
ing to  the  Geological  Survey  of  California.  The  specific  gravity 
was  first  determined  by  sifting  the  dust  from  the  finely  granulated 
coal  and  weighing  in  a  sp.  gr.  flask,  after  standing  under  water  at 
least  12  hours.  One  gramme  was  then  weighed  in  a  platinum  cru- 
cible and  dried  at  a  temperature  of  215^-220°  Fahr.  until  it  ceased 
to  lose  weight.    The  loss  is  water.* 

The  residue  was  then  heated  over  a  Bunsen's  burner  for  3. 5  min- 
utes, and  then  over  a  blast  lamp  for  the  same  length  of  time,  and 
weighed.  The  loss  was  considered  to  be  "volatile  combustible  mat- 
ter. The  residue  was  burned  to  an  ash  and  the  ash  weighed.  The 
loss  frjom  combustion  was  considered  to  be  non-volatile  combusti- 
ble material,  or  fixed  carbon. 

*The  qnMtlon  has  been  raised  whether  or  no  this  loss  be  water.  Very  careftilly  con- 
dneted  experimente  were  made  during  my  research  npon  the  Cali/omia  coals,  to  ascertain 
if  the  coal  was  oxidised  by  prolonged  heating  at  the  temperatore  above  mentioned.  The 
tmountofwater  escaping  was  absorbed  by  chloride  of  caldnm  and  weighed.  It  exactly 
corresponded  to  the  loss  experienced  when  the  experiment  was  condncted  as  described 
aboTS,  and  no  oxidation  products  coald  be  detected. 
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In  confonnity  with  your  wishes  I  also  made  a  quantitative  analysis 
of  the  ashes  of  each  of  these  coals. 

The  coals  are  quite  unlike.  Nos.  1!  and  12  are  semi-cannel 
coals.  .  No.  13  consists  of  a  mass  of  clay  containing  carbonaceous 
matter.  No.  14  consists  of  an  earthy  mass,  chiefly  silica  contain- 
ing fragments  of  mineral  charcoal. 

No.  11  is  homogeneous  and  brittle,  of  a  dull  black  color,  and 
cracks  in  a  dry  atmosphere.  When  heated  it  is  non-caking,  the 
pieces  retaining  their  form  and  size,  and  in  this  respect  it  resem- 
bles some  of  the  cretaceous  coals  of  the  Pacific  coast.  The  results 
of  analysis  are  as  follows  : 

Speeifle  gravity 1.441 

Water 13.58  percent. 

Volatile  combastible  matter 54.11       «« 

Fixed  ctrbon 29.49       « 

Ash 2.87        " 

100.00 

The  ash  contained^ 

Insoluble  silicic  acid,  etc 8.698  percent. 

Soluble  slUcIc  acid 14.159 

Snlphuric  acid »..  28.868 

Ferric  oxide  and  alumina 28.419 

Lime 7.599 

Magnesia. 16.055 

Carbonic  acid,  chlorine,  alkalies,  etc 11.714 

100.000      •* 

The  total  amount  of  combustible  matter  in  this  coal  is  83.60 
per  cent. 
No.  12  in  some  respects  resembled  No.  11.    It  is  a  semi-cannel 

in  appearance,  very  friable  in  dry  air,  and  non-caking.   The  results 
of  analysis  are  as  follows  : 

Specific  gravity 1.425 

Water 12.70  per  cent. 

Volatile  combustible  matter • 88.82       *' 

Fixed  carbon 45.61        ♦* 

Ash 8.87        *' 

100.00        " 
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The  ash  contained^ 

losolnble  silicic  acid,  etc 8  888  percent. 

Solnble  silicic  acid 22.968 

Salpharicacid 19.674 

Ferric  oxide  and  alumina 20.006 

Lime 16.868 

Magnesia •....  8.946 

Carl>onie  acid,  chlorine,  alkalies,  etc 8.720 


100.^ 


The  total  amount  of  combustible  matter  in  this  coal  is  83.{ 
per  cent. 


No  13  is  a  specimen  of  dark  colored  clay  containing  an  unusual 
amount  of  organic  combustible  matter,  not  enough,  howeyer,  to 
give  it  any  value  as  fuel.  It  bums  to  a  very  light-colored  ash 
consisting  largely  of  alumina,  and  would  therefore  in  all  proba- 
bilty  make  very  good  brick  if  sufficient  sand  were  mixed  with  it. 
The  results  of  analysis  were  as  follows  : 

Specific  gravity t.968 

Water ) 

Volatile  combustible  matter >  29.65  percent. 

Fixed  carbon • ) 

Ash,  consisting  of  clay 70.45       " 


The  ash  contained— 


100.00 


Insoluble  portion,  consisting  of  insoluble  alumina 

and  silicic  acid * 92.751  percent. 

Soluble  sUicic  acid 490 

Sulphuric  acid .282 

Ferric  oxide  and  alumina   2.894 

Lime 1.076 

Magnesia 848 

Undetermined  matters 1.159 


100.000 


No.  14  consisted  of  a  soft,  siliceous  rock,  containing  small  frag- 
ments, grains  and  specks  of  mineral  charcoal.  The  results  of 
analysis  are  as  follows ': 
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Specific  gravity 3.141 

Water  and  combustible  matter 26.54  per  cent. 

Asb 78.46  ** 

100.00  " 

The  ash  contained— 

Insoluble  matter,  chiefly  silicic  acid 96.549  per  cent. 

Soluble  silicic  acid 0.886  *• 

8nlphur»c.acid * 0.178 

Ferric  oiide  and  alumina 0.257  " 

Lime 1.028  « 

Magnesia 0.462  •* 

Undetermined  matters 0.695  ** 

100.000 

No.  15  is  a  dull-green,  amorphous  mineral,  unctuous  and  soapy 
to  the  touch.  Fracture  uneven,  coarsely  granular.  Hardness  1.5. 
Easily  cut  with  a  knife,  giving  a  smooth  surface.  Specific  gravity 
^562.  Lustre  dull,  waxy,  with  very  minute  pearly  scales.  Color 
mottled,  dull-green  to  grayish-green,  opaque,  scdes  translucent. 
When  wetted  it  absorbs  water  and  sofkens,  but  does  not  become 
plastic. 

In  closed  tube  it  gives  water.  B.B.  infusible.  Gives  blue  color 
with  cobalt,  which  is  indistinct  from  excess  of  iron.  Is  decom- 
posed by  hydrochloric  acid,  leaving  a  white  insoluble  residue 
containing  only  a  trace  of  iron.  The  oxidation  of  the  iron  varies 
according  to  the  extent  of  the  exposure.  The  following  are  the 
mean  results  of  three  closely  concordant  analyses : 

Si  Os         -  -  -  -  -  37.88  per  cent. 

Fe,  Oa  -  -  -  -  "  15.78 

AljOs 26.96        " 

Mg  0 1.74 

fs!o\    '           -           -           -  •      0-9S        " 

H,0 15.88 


99.16 


A  trace  of  lime  was  not  determined. 

These  results  show  the  mineral  to  be  allied  to  Fahlunite,  var. 
Huronite  of  T.  S.  Hunt.   See  Dana's  Mineralogy,  Ed.  1870,'p,  485. 
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It  is  doubtless  one  of  the  numerous  decomposition  products  of  a 
ferruginous  Feldspar. 

Nos.  30  and  31  are  pieces  of  the  St.  Lawrence  limestone.  This 
stone  consists  of  a  hard,  siliceous,  magnesian  limestone  containing 
sufficient  iron  to  give  it  an  ocherous  shade  of  color  with  yellowish 
streaks.  It  also  contains  angular  grains  of  quartz  and  small  grains 
of  a  green  mineral  quite  uniformly  distributed  through  the  rock. 
These  grains  are  of  all  sizes  from  that  of  a  large  pin*s  head  to  those  of 
scarcely  preceptible  dimensions.  They  are  irregularly  spherical  in 
form,  sometimes  slightly  flattened,  or  elongated.  Cold  commercial 
hydrochloric  acid  dissolves  all  of  the  constituents  of  the  rock 
except  the  grains  of  quartz  and  the  green  grains.  By  sifting  and 
careful  sorting,  the  largest  of  the  green  graind  may  be  obtained  quite 
pure.  The  specific  gravity  of  these  grains  is  3.^34 — ^Hardness 
about  2.0.  B.  B.  infusible  becoming  brown  from  oxidation  of  iron. 
In  the  closed  tube  gives  water  becoming  more  or  less  oxidized. 
The  following  are  the  mean  results  of  three  analyses  : 

SiO,       . 

FeO 

A1,0,     - 

K,0 

Na,0     - 

H,0  .... 

I 

These  characteristics  and  results  give  a  variety  of  Glauconite 
not  decomposed  by  hydrochloric  acid.  See  Dana's  Mineralogy, 
Ed.  1870,  p.  462. 

Bussell  Mineral  Spring  Water.  This  water  flows  from  a  spring 
in  the  cellar  of  the  house  at  present  occupied  by  Perkins  Russell, 
Esq.,  on  the  comer  of  fifth  street  and  Fifteenth  avenue  S.  E.,  in 
this  city.  The  flow  of  the  spring  is  very  uniform  throughout  the 
year  and  the  volume  is  copious,  bubbling  up  in  the  center  of  a  curbed 
area  about  four  feet  in  diameter.  On  exposure  to  the  atmosphere 
the  water  deposits  sesqui-oxide  of  iron.  No  gas  escapes  from 
super-saturation.  The  water  is  very  clear  and  sparkling,  with  a 
slight  green  color  and  the  taste  of  a  dilute  solution  of  hydrosul- 
phuric  acid  gas. 

Analysis  showed  that  one  IT.  S.  wine  gallon  of  231  cubic  inches  . 
contains  of, 


48.20  pfei 

•cent, 

27.09 

6M 

7.54 

1.02 

8.72 
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Potasium  chloride, 
Sodium  chloride, 
Calcium  chloride. 
Calcium  carbonate    - 
Calcium  sulphate, 
Calcium  Phosphate, 
Magnesium  carbonate. 
Iron  proto-carbonate. 
Manganese  proto-carbonate, 
Silicic  oxide,     - 
Organic  matter,     • 
Sodium  biborate. 
Potassium  nitrate, 
Ammonium  dhloride, 
Calcium  fluoride,  - 
Barium  carbonate,    - 
Barium  sulphate. 


NaCl     - 
CaCl, 
Ca  COs  - 
Ca  SO4 
CasCPOO, 
MgCOs 
FeCOs 
MnCOs 
SiO,     . 


Oraliifl. 

-    0.170161 

1.226701 

.    0.393765 

10.060996 

.    0.867690 

0.171380 
.    4.371058 

0.169227 
.    0.032561 

1.393182 
.    0.208340 

A  trace. 

A  trace. 

A  trace. 

A  trace. 

A  trace. 

A  trace. 


Tottd  solid  matter, 
Specific  gravity  at  60°  Fahr. 
Temperature,    - 


19.066061 

1.000638 

45.5°  Fahr. 


At  that  temperature  one  gallon  contains  of 
Carbonic  acid  gas,        -        -        CO,        -       41.037432  C.  inches. 
Of  which  is  combined  to  form  bicarbonates,     25.651171  C.  inches. 


Leaving  in  solution. 


15.386261  C.  inches. 


The  water  also  contains  an  amount  of  hydrogen  sulphide  (H2  S), 
varying  in  amount  at  different  times  from  a  trace  to  a  few  cubic 
inches  per  gallon. 

These  resultai  give  a  water  of  somewhat  peculiar  character,  yet 
not  sufficiently  remarkable  in  any  respect  to  lead  one  to  expect 
unusual  results  to  follow  its  use.  The  amount  of  solid  matter  is 
small  and  consequently  all  of  the  ingredients  present  are  found  in 
small  proportion  ;  yet  we  find,  on  comparing  these  results  with  the 
analysis  of  other  waters,  that  the  amount  of  calcium  phosphate 
present  is  relatively  large.  The  reputation  which  the  water  has 
attained  as  a  remedial  agent,  may  be,  in  part,  due  to  the  presence 
of  this  salt,  or  it  may  be  due  to  the  peculiar  combination  presented 
by  the  simultaneous  presence  of  phosphate  of  lime,  proto-carbonate 
of  iron  and  sulphide  of  hydrogen. 

It  may  be  said,  however,  that  the  causes  producing  certain  physio- 


Digitized  by 


Google 


SUBYEY  OF  lONNBSOTA.  63 

logical  effects  are  very  obscure,  and  when  these  effects  are  observed 
to  follow  the  use  of  complex  mixtures  dissolved  in  large  quantities 
of  water,  but  little  satisfaction  can  be  gained  from  theoretical 
speculations  that  attribute  them  to  the  presence  of  one  or  the 
other  ingredient  of  the  mixture.  But  little  more  can  be  said 
than  that  the  water  contains  small  quantities  of  substances  that 
give,  when  found  in  large  proportions,  the  specific  characters  to 
seltzer,  chalybeate,  and  white-sulphur  springs,  and  that  its  use  in 
many  instances  has  been  attended  with  beneficial  results. 

In  accordance  with  your  request,  that  I  should  furnish  you  the 
results  of  the  analyses  that  were  made  in  the  fall  of  1875  for 
Messrs.  Kindred  and  Culver,  I  submit  the  following : 

I.  Three  specimens  supposed  io  contain  silver  were  sent  to  Dr. 
P.  B.  Rose  to  be  assayed.  The  first  two  were  from  J.  B.  Culver, 
Esq.,  of  Duluth,  and  were  reported  as  not  containing  silver.  The 
third  specimen  was  from  C.  F.  Kindred,  Esq.,  of  Brainerd.  It 
was  i&ported  as  containing  ^^  52.32  oz.  of  silver  to  the  ton  of  ore, 
which  at  $1.30  per  oz.  =  $68.01  per  ton." 

n.  A  sample  of  iron  ore,  supposed  to  contain  tin,  from  the 
neighborhood  of  Duluth,  was  sent  to  Prof.  E.  W.Morley,  of 
Hudson,  Ohio,  a  gentleman  of  large  experience  on  iron  assays. 
He  reported  two  assays  as  yielding  iron,  16.19  per  cent,  and  16.17 
percent.  "Tin  not  present  in  any  appreciable  quantity.  The 
ore  appeared  to  contain  quite  a  notable  quantity  of  Titanium. 
Titanium  is  now  supposed  to  be  injurious.  *  *  The  amount  of 
iron  in  the  ore  is  so  small  that  iron  produced  from  it  cuuld  hardly 
compete  with  richer  ores,  even  if  flux  and  coal  were  both  near  at 
hand.  One  would  not  like  to  say  the  ore  is  valueless  without 
knowing  the  relative  amount  of  silica  and  calcium  in  the  ore  ;  but 
the  probability  that  they  are  in  such  proportions  as  to  render  the 
addition  of  a  flux  needless,  is  very  slight. " 

Another  sample  of  iron  ore  from  near  Duluth,  was  sent  Prof. 
Morley  with  instructions  to  determine  the  quantity  of  any  thing 
he  might  find  in  it  of  commercial  value.  After  giviug  the  details 
of  the  process  of  analysis,  he  says :  "You  will  see  that  every- 
thing of  any  commercial  value  is  pretty  thoroughly  excluded.  It 
is  an  iron — ^magnesium — sodium  silicate  ;  with  not  enough  iron  to 
make  it  of  value  as  an  iron  ore." 

The  first  mentioned  iron  ore  resembles  an  iron  ore  found  in  the 
northern  part  of  Rhode  Island,  where  it  occurs  in  a  protruded 
mass,  in  some  respects  resembling  porphyry. 
Respectfully  submitted, 

S.  F.  Peckham, 

MiKNEAPOLis,  Jan.  9, 1877.  State  Chemist. 
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V. 
BOTANY. 


The  survey  has  received  a  hearty  response  to  the  following  cir- 
cular, which  was  issued  in  conformity  with  the  instructions  ^f  the 
Regents,  in  the  spring  of  1876  : 

THE    GEOLOGICAL    AND    NATURAL    HISTORY    SURVEY    OF 
MINNESOTA. 

(BOTANY.) 

lothe  Botanists  of  tJie  8taU : 

At  the  anniial  meeting  of  the  Board  of  Regents,  lield  in  St.  Paul  in  De- 
•cember,  1875,  action  was  taken  ordering  the  commencement  of  a  thorough 
and  systematic  examination  of  the  flora  of  the  state.  This  was  done  in 
•conformity  to  the  law  ordering  a  geological  and  natnralhistory  survey  of  the 
state,  and  placing  it  in  charge  of  the  Regents  of  the  University.  One  clanse 
of  that  law  reads  as  follows :  # 

"  Sec  8.  The  natnral  history  survey  shall  include,  first,  an  examination 
of  the  vegetable  productions  of  the  state,  embracing  all  trees,  shrubs,  herbs 
and  grasses  native  or  natoraUzed  in  the  state ;  second,  a  complete  and  sci- 
entific account  of  the  animal  kingdom  as  properly  represented  in  the  state. 
Including  aU  mammalia,  fishes,  reptiles,  birds  and  insects." 

In  the  prosecution  of  this  examination  it  is  expected  that  the  Regents  wiU 
have  the  assistance  of  the  botanists  of  the  state,  and  it  is  for  their  informa- 
tion that  the  following  suggestions  are  made  concerning  the  collection  and 
preservation  of  information,  and  especially  of  botanical  specimens. 

1st.  Make  as  fUll  notes  as  possible  on  the  flora  of  your  own  locality,  not 
only  naming  species,  but  mentioning  peculiarities  and  variations  of  struc- 
ture, habitat,  color,  and  relative  abundance.  Recollect  that  there  is  no 
published  text  book  that  professes  to  give  an  account  of  the  flora  of  the 
oountry  west  of  the  Mississippi  in  this  latitude,  and  that  you  are  very  largely 
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an  Independent  observer.  Therefore  repeated  verificationa  of  an  observed 
variation  or  peculiarity,  or  of  a  species  not  named  in  the  fiuniliar  text-books, 
abonld  be  made  before  reporting  9uch  observation  as  a  fact. 

2d.  Collect  and  preserve  as  many  specimens  as  possible.  They  wUl  ex- 
emplify the  local  flora  of  yonr  region,  and  will  serve  as  dnplicates  for 
exchange  with  other  portions  of  the  state  and  with  foreign  botanists.  The 
most  valuable  portion  of  yonr  contribation  to  the  survey  will  be,  after  aU, 
the  collections  which  yon  may  make  and  forward  for  carefVil  identification. 

8d.  It  is  the  design  of  the  Regents  to  collect  together  at  the  University, 
a  complete  representation  of  the  plants  of  the  state  as  ordered  by  the  law, 
and  to  have  them  so  arranged  and  exhibited  that  they  can  be  seen  for 
comparison  by  any  of  the  botanists  of  the  state  that  may  wish  to  examine 
them. 

4th.  For  aid  in  the  study  of  the  flora  of  the  state,  the  following  works 
will  be  usetal : 

Gray's  Manual  of  Botany, 

Torrey  &  Gray's  Flora  of  North  America^  2  vols.,  to  Lobeliacem. 

De  Candolle's  ProdromuSy  18  vols.,  down  to  Endogenae. 

U.  S.  Geological  Exploration  of  the  Fortieth  parallel.  Vol.  Y,  Botany. 
fWatson.) 

Pacific  B.  R.  Reports. 

Transactions  of  the  St.  Louis  Academy. 

Proceedings  of  the  American  Academy,  Philadelphia. 

Catalogue  of  the  Plants  of  Minnesota,  by  I.  A.  Lapham,  published  in  the 
Annual  Report  of  the  State  Horticultural  Society  for  1875.  Furnished  by 
the  Secretary  of  the  Society. 

Hayden's  Nebraska  Plants. 

Hooker's  Fl.  Bot.  Am.,  2  voDs. 

Flora  of  Colorado,  I  vol.,  Porter  &  Coulter. 

l^uttall's  Genera,  2  vols. 

Bentham's  Genera,  4  parts. 

5th.  It  is  evident  that  there  is  no  botanist,  nor  even  any  public  library  in 
the  state  that  possesses  the  books  necessary  for  the  thorough  study  and 
satisfactory  determination  of  the  species  of  our  flora.  Within  certain  limits 
oar  flora  can  be  studied,  but  the  burden  of  our  flrst  efforts  must  be  the  col- 
lection of  specimens.  Their  exhaustive  study  can  only  be  done  by  experts, 
with  the  fullest  facilities  for  comparison. . 

6th.  The  present  design  of  the  survey  is  to  act  as  a  means  oi  communi- 
cation between  botanists  of  the  state,  to  enable  them  to  compare  specimens, 
and  as  a  depository  for  duplicates.  To  this  end  exchanges  will  be  made 
with  such  as  desire  to  compare  species,  and  any  aid  or  information  will  be 
rendered  that  it  is  possible  to  give.  Lists  of  the  local  flora  in  different 
parts  of  the  state  should  be  made  out  as  thoroughly  as  possible,  to  judge  of 
the  distribution  of  species.  The  areas  that  are  covered  with  timber  in  the 
▼arious  counties,  or  townships,  and  the  kinds  of  trees,  should  be  stated.  It 
is  highly  desirable  that  a  local  botenist  be  assigned  to  the  working  up  of 
each  county.  For  this  purpose,  the  survey  should  be  iumished  with  the 
9 


Digitized  by 


Google 


66  GEOLOGICAL  AND  NATURAL  HISTOBY 

names  of  such  botanists  as  are  known  to  be  Interested  in  our  state  flora. 

Annual  reports  made  by  such  local  botanists  would  Indicate  the  progress  of 

the  work. 

N.  H.  WINCHELL. 
Thb  Univbrsity  of  Minnksota, 

May  1st,  1876 

The  survey  has  received  several  hundred  specimens  representing 
the  flora  of  the  state,  and  others  have  been  gathered  by  Mr.  Leon- 
ard and  Mr.  Uerrick,  assistants  on  the  survey.  Nothing  syste- 
matic has  been  attempted  in  the  way  of  identifications,  but  through 
the  kindness  of  others,  chiefly  Mr.  0.  E.  Garrison,  of  St.  Cloud, 
and  Dr.  A.  E.  Johnson,  of  Minneapolis,  valuable  assistance  has 
been  rendered  in  determining  our  local  flora. 


FUNGI. 


BY  DR.  A,  E.  JOHNSON. 


Frof.  N.  H.  Winchell ; — I  believe  no  attempt  prior  to  this  has 
been  made  to  collect  and  list  the  Mycologic  Flora  of  Minnesota. 
As  a  small  contribution  to  the  Natural  History  of  Minnesota,  I 
preseiit  the  following  list  of  plants,  in  the  Mycologic  Flora  of  our 
state,  for  such  use  as  you  may  be  pleased  to  make  of  it. 

The  list  has  been  collected  mainly  from  Hennepin  county  ;  some 
from  Anoka,  Ramsey  and  Wright  counties. 

I  have  placed  the  Gen.  or  Sub-Gten.  before  each  species;  as  for 
example,  Sub-Gen.  1.  Amanita.  Hence,  in  reading  Agaricus  vagi- 
natuSf  the  word  Amanita  should  be  supplied  thus:  Agaricus  (Aiaa- 
nita)  vaginatus.  Bull.  And  so  with  all  the  species  under  each  Q^n. 
or  Sub-Gen.  F(fllowing  the  specific  name  of  the  species  are  initials 
or  letters  used  by  botanists  to  designate  the  name  of  the  author  of 
the  species,  and  immediately  following  is  the  common  name  of  the 
plant  if  it  has  received  one  ;  then  follow  such  words  as,  wood,  woods, 
ground,  sticks,  stumps,  epiphytal,  terrestrial,  etc.,  indicating  the 
habitat,  and  lastly  the  month  or  months  in  which  the  plant  is 
found  in  our  climate.  If  there  is  but  one  month  named,  the  plant 
has  only  been  observed  in  that  month,  but  if  two  months  are 
named,  as  June,  Nov.  the  plant  has  been  observed  in  both  months 
and  most  always  during  the  intervening  months: 
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Division  1.    Sporifera. 
Vamj^y  1.    Hymeiiomycetes. 
Ordbr  1.    Agaricinl. 
Skriks  1.    Lencosporl.    Spores  white. 
SuB-GsN.    Amanita     Pers, 
Gen.    Agaricus.    L.     • 

1.  Agaricus  Vaginatns.  Bull.    Slick  Amanita.    Woods.    Angast. 

2.  A.  Ceciliae.  B.  dt  Br.    Grey,  ringless  Amanita.    Woods.    Aug.,  Sept. 
8.    A.  adnatos.  8mUh.    Adnate-glUed  Amanita.    Woody  places.    Aug. 

4.  A.  vernus.   Bull,  Spring  Amanita.  Woods,  open  places.  June  to  Aug 

5.  A.  phalloides.    Fr,    Stinking  Amanita.    Woods.    August,  Nor. 

6.  A.  mappa.    Batseh.    Delicate  Amanita.    Under  trees.    Poisonous. 

7.  A.  muscarius.  L.  Fly  Amanita.  Thin  woods.  Aug.  &  Sept.  Poisonous. 

8.  A.  excelsus.    Fr.    Tall  Amanita.    Woods.    Aug.  and  Sept. 

9.  A.  pantherinus.    B.C.    Spotted  Amanita.    Woods  and  open  ground . 

10.  A.  asper.    J'V.    Rough  Amanita.    Woods.    June  to  Sept. 

Sub-Gbn.    Lepiota.    Fr, 

11.  A.  procerus.    8eop,    Parasol  mushroom.   Woods.    Aug.  to  Sept. 

12.  A.  excoriatus.    Schcef,    Flaky  Lepiota.    Woods.    May  to  Sept. 
18.    A.  gracilentus.    Krombh.    Slender  Lep.    Ground.    Sept.    Edible. 

14.  A.  acutesquamosus.     Wm.    Squarrose  Lepiota.    Ground.    July. 

15.  A.  clypeolarins.    Bull.    Fragrant  Lepiota.    Woods.    Ju. 

16.  A.  Americanus.    Peck.    Prairies.    Aug.  to  Sept. 

17.  A.  cristatus.    Fr.    Stinking  Lepiota.    Woods,  fields.    Aug. 

18.  A.  nauclnus.    Fr.    Large  spored  Lepiota.    Woods.    Aug.  to  Sept. 

19.  A.  granulosus.    Batseh.    Granular  Lepiota.    Forests.    July. 

20.  A.  polystictus.    Berk.    Little  Brown  Lepiota.    Ground.    July. 

Sub-Gen.    Armillaria.    Fr. 

21.  A.  melleus.    Vahl.    Honey-coloured  Armillaria.    W.    Aug  to  Sept. 

Sub-Gbn.    Tricholoma.    Fr. 

22.  A.  yaccinus.    ^ers.    Scaly  Tricholoma.    Ground,  in  woods.    Sept. 
28.    A.  crassifolius.    Berk.    Thick-gllled  Tricholoma.    Larch  swamps. 

24.  A.  yarigatus.    Scop.    Variegated  Tricholoma.    Ground.    June,  July. 

25.  A.  sulfUreus.    Bull.    Sulphury  Tricholoma.    Woods.    July,  Aug 

26.  A.  gambosus.    Fr.    St.  George's  Mushroom.    Grassy  ground.    June. 

27.  A.  melaleucus.    P.    Changeable  Tricholoma.    Cleared  ground.    Sept . 
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Sub-Gbn.  Clitocybe.    Fr. 

28.  A.  iiebnlaris.  BaUch*    Clouded  Clitocybe.  On  ground  In  woods.  Sept. 

29.  A.  Adirondackensis.  Peck,    Smooth  Clitocybe.    Woods.   Aug.,  Sept. 

80.  A.  candicaos.    Fr.    Whitish  Clitocybe.    Woods.    Sept. 

81.  A.  phyllophilns.    Fr.    Leaf-loving  Clitocybe.    Woods.    Sept. 

82.  A.  dealbatos.    P.    Ivory  Clitocybe.    Woods.    Jnly. 
21^,  A.  giganteus.    Fr.    Giant  Clitocybe.    Woods.    Sept. 

84.  A.  cyathiformis.    Fr.  Cup-shaped  Clitocybe.    Woods.  Ang.,  Sept. 

85.  A.  laccatos.    Scop.    Waxy  Clitocybe.    Woods.    June-Oct. 
'   86.    A.  cerussatas.    Fr.    White*lead  clitocybe.    Larch.    May. 

87.  A.  radio-zonada.    n.  «p.    Radiated  Clitocybe.    Ground,  wood.    June. 

A  ftill  description  in  Bulletin  of  the  Minnesota  Academy  of  Natural  Sci- 
ences for  1876. 

Sub-Gkn.    Pleurotus.    Fr. 

88.  A.  ostreatus.    Jacq.    Oyster  Pleurotus.    Trunks  in  wo6ds.    July. 

89.  A.  seratinus.    Schrad.    Yellowish  Pleurotus.    Larch.    May. 

40.  A.  mastrucatus.    Fr.    Imbricated  Pleurotus.    On  wood.    June. 

41.  A.  atrocoeruleus.    Fr.    Blue-black  Pleurotus.    On  wood.    July. 

42.  A.  sulfhroides.    Peck.    Py^e  logs,  i&c.    Sept. 

48.    A.  serotinoides.    Peck.    Trunks  in  woods.    Nov. 

Sub-Gen.  Collybia.    Fr. 

44.  A.  radicatus.    BeXh..    Booting  Collybia.    Ground,  stumps.    July. 

45.  A.  velutipes.    Curt.    Velvet-stemmed  Collybia.    Stumps.    May. 

46.  A.  confluens.    P.    Confluent  Collybia.    Woods.    July. 

47.  A.  cirrhatus.    Schum.    Cirrhate  Collybia.    June,  September, 

48.  A.  tuberosus.    Bull.    Tuberous  Collybia.    Ground,  &c.    Aug.,  Oct. 

49.  A.  acervatus.    Fr.    Tufted  Collybia.    Woods.    Aug.,  Oct. 

50.  A.  zanthopus.    Fr.    Tellow-stemmed  Collybia.    Ground.    July,  Augp. 

51.  A.  dryophilus.    Bull.    Wood  Collybia.    Epiphytal.    June  to  Oct. 

52.  A.  exsculptus.    Fr.    Sulphur-gUl  Collybia.    Ground.    Sept. 
58.  A.  plexipes.    Fr.    Twisted  Collybia.    On  trunks. 

54.  A.  stipitarius.    Fr.    Fibrillose  Collybia.    Epiphytal.    July  to  Aug. 

Sub-Gen.    Mycena.    Fr. 

55.  A.  praelongus.    Peck.    Epiphytal.    Swamps.    June  to  July. 

56.  A.  paluster.    Peck.    Larch  swamps.    Sphagnum.    June. 

57.  A.  radius,    n.  «p.    Pale-yellow  Mycena.    Ground.    May. 

See  Bulletin  of  the  Minn.  Acad,  of  Natural  Sciences.    1876. 

58.  A.  strobilinus.    Pen.    Ftr-cone.    Mycena.    Epiphytal. 

59.  A.  puruB.    P.    Amethyst  Mycena.    Larch  swamps.    June  to  July. 
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60.  A.  paapercQlus.    Berk,    LUtle-stnmp  Mycena.    July. 

61.  A.  sftDgaineolentus.    A.  dt  8.    Stinking  Mycena.    June  to  Oct. 

62.  A.  crocatos.    Schmd,    The  Stainer.    Woods.    Jniie  to  July. 

68.  A.  epipteiygios.    Scop,    Tellow-stem  Myceoa.    JvHty  to  Aug. 
64.    A.  stylobates.    P.    Discoid  Mycena.    EpiphytaL    Woods.    Ang. 
6ff.    A.  cortlcoHu    8chum»    Bark  Mycena.    Jaly,  Aug. 

66.  A.  capillaris.    Schum.    Capillary  mycena.    Leaves.    Aug. 

SuB-GsN.    Omphalia.    Fr, 

67.  A.  pyxidatus.    Bull.    Variable  Omphalia.    Qroand.    July. 

as,  A.  affiricatus.    Fr.    Hairy  Bog  Omphalia.    Ground.    July.  ' 

69.  A.  muralis.    Saw.    Wall  Omphalia.    Ground.    July. 

70.  A.  umbilliferus.    L.    Common  Omphalia.    Ground.    July.  Sept. 

71.  A.  ruAilus.    B,  dt  Br.    Reddish  Ompahlia.    Ground.    July. 

72.  A.  campanella.    BcUsch,    Tawny  Omphalia.    Larch  swamps. 
78.  A.  chryseus.    Peck.    Logs  in  woods.    August. 

71.    A.  flbnia.    Bull.    Button  Omphalia.    Ground.    June,  Oct. 

75.  A.  gracillimus.     Weiwm.    Delicate  Omphalia.    Epiphytal.    Aug. 

76.  A.  integrelltts.    P.    Little- white  Omphalia.    Epi.    Aug.,  Sept. 

Scrubs.  2.    Hyporhodii.    J'V. 
Sxjb-Gen.    Volvaria.    Fr, 

77.  A.  bombycinus.    Schj^.    Silky  Yolvaria.    Epiphytal.    July,  Aug.« 

78.  A.  Yolvaceus.    Bull.    Stove  Volvaria.    Ground.    July,  Aug. 

79.  A.  Taylori.    Berk.    Taylor's  Volvaria.    Ground.    Aug.,  Sept. 

60.  A.  gloiocephalus.    Fr.    Umbonate  Volvaria.    Ground.    June. 

Sub-Gbn.    Chamseota.    8mUh. 

61.  A.  cretaceus.    Fr.    Chalky  Chamsota.    Ground.    Aug. 

8uB-GsN.    Fluteus.    Fr. 

82.  A.  cervinus.    8ch(xff.    Fawn  Pluteus.    Ground.    May,  Oct. 

88.  A.  nanus.    P.    Mealy  Pluteus.    Logs  in  woods.    Aug. 

84.  A.  petasatus.    Fr.    Broad- capped  Fluteus.    Epiphytal.    Aug. 

85.  A.  leoninus.    8ch(xff,    Yellow  Fluteus.    On  wood.    Aug.,  Oct. 

86.  *A.  chrysophflBUs.    8ch$^.    Dingy  Fluteus.    On  wood.    Aug. 

87.  A.  phlebophorns.    JDUm.    Veined  Fluteus.    On  wood.    Aug. 

Sub-Grn.    Entoloma.    Fr. 

88.  A.  strictior.    Peck.    Ground.    Sept.,  Oct. 

89.  A.  sinuatus.    Fr.    Woods.    Ground.    Poisonous.    July. 

90.  A.  prunuloides.  Fr,    Plum-like  Entoloma.    Woods,  ground.  Sept. 
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91.  A.  helodes.    Fr,    Moor  Entoloma.    Ground,  woods.    Sept. 

92.  A.  repandns.    Bull.    Bepand  Entoloma.    Ground,  woods.    Joly. 
98.    A.  ardoclacis.    BM,    Meadow  Entoloma.    Ground,  woods.    Sept. 

94.  A.  sericellns.    Fr.    Silky  Entoloma.    Woods.    Ang.,  Sept. 

95.  A.  rhodopolins.    Fr,    Rosy  Entoloma.    Ground,  woods.    Aug.,  Sept» 

96.  A.  costatns.    Fr,    Costate  Entoloma.    Ground.    Sept. 

97.  A.  cuspidatus.    Peck,    Swamps.    Sphagnus  marshes.    Sept. 

Sub-Gbm.  ClltopUus.    Fr, 

98.  A.  prunulus.    Scop.    Plum  Clitopilus.    Woods,  ground.    Season. 

99.  A.  cretatus.  Berk,    Chalky  Clitopilus.    Woods,  ground.    Aug.,  Sept. 

100.  A  noveborasensis.     Peck,    Dingy  white  Clitopilus.     Ground.    Aug. 

101.  A.  Woodianus.    Peck,    On  ground,  and  wood.    Sept. 

102.  A.  undatus.    Fr,    Waved  Clltop.    Aug.,  Sept. 

Sub-Gkn.  Clandopns.    SmiUh,    Seem.  Journal. 

108.    A.  euosmns.    Btrk.    Tarragon  Clan.    Wood.    June. 

104.  A.  depluens.    BaUck.    Ground  CUu.    Ground.    Sept. 

Sub-Gen.    Leptonia.    Fr, 

105.  A.  chalybffius.    P.    Steel-blue  Leptonia.    Prairies.    July,  Sept. 

106.  A.  incanus.    Ft,    Hoary  Leptonia.    Prairies.    Dayton.    Aug. 

SuB-GsN.    Nolanea.    Fr,   ' 

107.  A.  pascuus.    P.    Pasture  Nola.    Wet  prairies.    June. 

108.  A.rufo-carneus.    Berk,    Red-brown  Nola.    Marshes.    Aug.,  Sept. 

109.  A.  Babingtonii.    Blax,    Babington's  Nola.    Woods.    Sept. 

110.  A.  conicus.    Peek.    On  rotton  wood..    Swamps.    Aug. 

111.  A.  delicatulus.    Peck.    Delicate  Nola.    Larch  swamp.    Aug. 

112.  A.  Clintonianus.    Peck,    Clinton's  Nola.    Swamps.    Aug. 

Sbribs  8.    Dermlni.    Fr, 
Sub-Gen.    Pholiota.    Fr, 

118.  A.  precox.    P.    Spring  Phol.    Prairies.    May. 

114.  A.  comosus.    Fr,    Hairy  Phol.    Decaying  trunks.    Aug.  ^ 

115.  A.  squarrosus.    Mull.    Scaly  Phol.    Trunks.    Aug. 

116.  A.  flammans.    Fr.    Tellow  scaly  Phol.    Ground.    June. 

117.  A.  temnophyllus.    Peek.    Brownish  Phol.    Ground.    June,  July. 

Sub-Gen.    Hebeloma.    Fr, 

118.  A.  punctatus.    Fr,    Ground  in  woods.    Sept. 

119.  A.  crustulinifbrmis.    Bull,    Ring  Hebeloma.    Woods.    Sept. 
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130.  A.  fttstibilis.    Fr.    Ochrey  Hebe.    Woods.    Jaly-Oct.    Common. 

121.  A.  stelltftosporns.    Ftck,    Stellate  Hebeloma.    Ground.    Sept. 

122,  A.  griseo  cabrosQs.    Peck.    Bongh  Hebeloma.    Popple  groves.   Sept. 
128.  A.  illicitns.    Ftck,    Smooth  Hebeloma.    Popple  grores.    Sept. 

124.  A.  ascophoms.    Peck.    Viscid  Hebeloma.    Bomed  gronnd.    Sept. 

125.  A.  mntatos.    P.    Changeable  Hebeloma.    Groond.    Joly,  Aug. 

126.  A.  pyriodoms.    P.    Pear-scented  Hebeloma.    Woods.    Sept. 

127.  A.  obscums.    P.    Violet  Hebeloma.    Gronnd.    Jnly. 

128.  A.  floccnlosns.    Berk.    Floccnlose  Hebeloma.    Gronnd.    Sept. 

129.  A.  deglnbens.    Fr.    Peeling  Hebeloma.    Woods.    Aug.,  Sept. 

180.  A.  ftwtigiatn^.    J^V.    Peaked  Hebeloma.    Woods.    Jnly. 

181.  A.  rimosns.    Bull.    Cracked  Hebeloma.    Ground.    June,  Sept. 

182.  A.  trechispom8.    Berk.    Rongh-spored  Hebeloma.    Ground.    Aug. 
188.  A.  auricomns.    Batsch.    Golden-haired  Hebeloma.    Woods.  J(July. 

184.  A.  floculentus.    Poll.    Woolly  Hebeloma.    Ground.    July. 

Sub-Gbn.  Flammula.    Fr. 

185.  A.  polychrous.  Berk.   Beddlsh Flammula.  Ground,  wood.  Aug.,  Sept. 

186.  A .  gmnmosus.    Lasch.    Viscid  Flammula.    Wood.    July. 

187.  A.  sapineus.    Fr.    ^right-Spored  Flanu    Ground  and  wood.    Aug. 

Sub-Gbn.  Crepidotus.    Fr. 

188.  A.  mollis.    SehfBif.    Soft  Crepidotus.    On  wood.    July-Oct. 

Sub-Gbn.  Naucoria.    Fr. 

189.  A.  semiorbicularis.    Bull.    Half-round  Naucoria.    Dung.    June. 

140.  A.  Temalis.    Peck.    Decaying  wood.    June. 

141.  A.  lignicola.    Peck.    Decaying  wood.    June. 

142.  A.  erinaceus.    Fr.    Hedgehog  Naucoria.    Wood.    Nov. 

Sub-Gbn.  Galera.    Fr. 

148.  A.  ovalis.    Fr.    Oval  Galera.    Cow-dung.    Aug. 

144.  A.  tener.    Schmff.    Slender  Galera.    Dung.    July-Oct. 

145.  A.  sparteus.    Fr.    Meadow  Galera.    Mossy  ground.    June. 

146.  A.  hypnorum.    B€U8ch.    Moss-loving  Galera.    July.  Sept. 

147.  A.  sphagnomm.    Pere.    Bog-moss  Galera.    July,  Sept. 

Sub-Gbn.    Tubaria.    Smith.    Journ.,  1870. 

148.  A.  inqnilinus.     Fr.   Little  Tubaria.    On  wood,  swamps.    June,  Sept. 

149.  A.  ftarftiraceus.  P.    Mealy  Tubaria.  ,  Chips,  wood.   July,  Sept. 
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Sbriks  4.    Praetellie.    ^. 
Sub-Obn.    Psalliota.    Fr, 

150.  A.  campestrift.    L,    Common  Mushroom.    Qround.   August. 

Var.    pratensis.     ViU.  Rich  mack.   Aug. 

Vw.    silTicola.     ViU.    Ramsey  and  Wright  cooMties,    Aug. 

151.  A.  sllvaticus.    Schc^.    Wood  Psalllota.   Woods.    Au^. 

152.  A.  Johnsouianus.    Fwk,    Woods.    Sept. 

Sub-Gbx.    Pilosace.    Fr, 

153.  A.  ezimlus.    Feck.    Decaying  logs  in  woods.   Sept. 

8ub«Gbn.    Stropharla.    Fr, 

154.  A.  stercorarius.    Fr,    Dung  Stropharia.    May,  Sept. 

155.  A.  semlglobatus.    Bat$ch,    Semlglobose  Stropharia.    June,  Sept. 

Sub-Gbn.    Hypholoma.    Fr.  Hah,    Generally  on  stqttips. 

156.  A.  snblateritius.    Fr*    Brick-red  Hypholoma.    Sept. 

157.  A.  flasclcularls.    Hud.    Tufted  Yellow  Hypholoma.    Sept. 

158.  A.  lacrymabundus.    Fr.    Weeping  Hyph.    July,  Nor. 

159.  A.  velutinus.    P.    Velvety  Hyph.    Trunks.    July. 

160.  A.  perplexus.    Feck.    Ground  about  stumps.    Sept. 

161.  A.  phyllogenus.    Feck.    Fallen  leaves.    July 

Sub-Gbn.    Psilocybe.    Fr.  Hah.    Mostly  on  the  ground. 

162.  A.  limicola     Feck.    Aug.,  Sept. 

168.    A.  spadiceus.    8cho^.    Bay  Psilocybe.    Wood.    Ground.    Aug. 

164.  A.  cemuus.    Mull.    Nodding  Psilocybe.    Wood.    Groand.    Sept. 

165.  A.  foenisecil.    P.    Brown  Psilocybe.    Ground.    Sept. 

Sub-Gbn.    Psathyra.    Fr.  Hah.    Ground.    Wood. 

166.  A.  mastiger.    Berk  A  Br.    Peaked  Psathyra.    Ground.    Aug.,  Sept. 

167.  A.  corrugis.    P.    Wrinkled  Psathyra.    Groand.    Aug. 

168.  A.  obtusatus.    Fr.    Obtuse  Psathyra.    Ground.    June. 

SBRIB8  5.    Coprlnarii.    Fr,    Spores  black. 
Sub-Gbn.    Pansolus.    Fr.    Mostly  on  dung. 

169.  A.  separatus.    L.    Ochrey  Pan»olus.    June,  Sept. 

170.  A.  leucophanes.    B.  dk  Br.    Shiny- White  Pansolus.    May,  Aug. 

171.  A.  flmiputris.    Bull.    Dark-gray  Pansolus.    June,  Aug. 
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172.  A.  campanQlatiis.    L,   Campanalate  Pansdoltis.    June,  Aug. 

178.  A.  papllionaceiw.    BtUL    Butterfly  Fan»olu8.    June,  July. 

174.  A.  solidlpee.    Pwk.    July. 

175.  A.flmtcola.    Fr,    Dung  Pan»olU8.    June. 

Sub-Gbn.  Psathyrella.    Fr. 

176.  A.  gracilis.    Fr.    Slender  Psathyrella.    Sept. 

177.  A.  pronns.    Fr.    Stooping  Psathyrella.    Ground.    Sept. 

178.  A.  atomatus.    Fr.    Sprinkled  Psathyrella.    Mannre.    June,  July. 

179.  A.  disseminatns.    Fr.    Clustered  Psathyrella.    Woods.    Jnly,  Sept. 

180.  A.  odoratns.    Ftck.    Manure  heaps.    May,  June. 

Gbn.  2.    Coprinos.    Fr. . 

181.  C.  comatus.    Fr.    Shaggy  Coprinos.    Rich  ground.    Sept. 
188.  C.  atramentarius.    Fr.    Inky  Coprinus.    Dung.    June,  July. 
188.  C.  luscescens.    Fr.    Brownish  Coprious.    Wood.    June,  July. 
184.  C.  picaceus.    Fr.    Magpie  Coprinus.    Ground.   Sept. 

186.  C.  aimilis.    B.  dt  Br.    Striate  Coprinus.    Wood.    Sept. 

186.  C.  flmetarins.    Fr.    Shaggy-dung  Coprinus.    June,  July. 

187.  C.  tomentosos.    J^V.   Downy  Coprinus.   Dnng.    May,  June. 

188.  C.  mivvus.   Fr.    Snowy  Coprinus.    May,  June. 

189.  C.  micaceus.    Fr.   Glistening  Coprinos.    May,  Sept. 

190.  C.  deliqoescens.   Fr.   Deliqoescent  Coprinus.   June. 

191.  C.  lagopos.    Fr.    Hare's  foot  Coprinos.    Dong.    Joly. 

192.  C.  radiatos.    Fr.    Delicate  Coprinos.   Dong.    May,  June. 
198.  C.  ephemeras.    Fr.    Ephemeral  Coprinos.    May,  June. 

194.  C.  insignis.    Peek.    About  roots  of  trees.   July,  Aug. 

195.  C.  lAgulatus.    Peck.    Ground  in  woods.    Aug.,  Sept. 

196.  C.  plicatillB.    jFV.    Rich  ground.    Jane,  July. 

197.  C.  bemerobios.    Fr.    Collared  Coprinus.    July. 

198.  C.  silvaticus.    Peck,    Ground.    Sept. 

199.  C.  semilanatus.    Peck.    Dung.    Aug. 

Gkn.  8.    Bolbitios.    Fr.    Manore,  rich  soil. 

200.  B.  Boltoni.    Fr.    Bolton's  Bolbitiiis.    Dong.    Jone,  Sept. 
301.    B.  flragilis.    Fr.    Fragile  Bolbitios.    Epiphytal.    May,  Aog. 

202.    B.  titobans.  Fr.  Wicvering  Bolbitins.  Ground.  Forest.  Open.  Jo.,  Opt. 
20S.    B.  apicalis.    Smith.    Two-coloored  Bolbitios.    Groond.    Jone,  Joly. 

204.  B.  nobilis.    Peck.    Noble  Bolbitios.    Ground.    Woods.  Sept. 

Gkn.  4.    Cortinarios,  Fr. 
SuB-GxNft  1.    Phlegmaciom.    Fr. 

205.  C.  yarios.    Fr.    Variable  Cort.    Groond.    Woods.    Aog.,  Sept. 
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206.  C.  cyanipes.    Fr,    Blue-stemed  Cort.    Woods.    July,  Aug, 

207.  C.  rasTOS.    Fr,    Ruddy  Cort.    Woods.    Sept. 

208.  C.  coloratus.    Peck.    AmoDgst  moss..  Larch  swamps.    Sept» 

209.  C.  commQDis.    Peck.    Woods.    Sept. 

210.  C.  mnltifonnls.    Fr.   ^Multiform  Cort.    Woods.    Sept. 

211.  C.  glaacopns.    Fr.    Brown-zoned  Cort.    Sept. 

212.  C.  callochroas.    Fr.    Tawny-vlscld  Cort.    Woods.    Aug.,  Sept. 
218.  C.  codnUescens.    Fr.    Azare-blae  Cort.    Woods.    Sept. 

214.  C.  tnrbinatns.    Fr.    Top-shaped  Cort.    July,  Sept. 

215.  C.  scanms.    Fr.    Club-footed  CQrt.    Woods.    Sept, 

216.  C.  cormgatus.    Peck.    Woods.    June. 

Sub-Gbn.  2.    Myxacinm.    Fr. 

217.  C.  collinitus.    Fr.    Smeared  Cort.    Woods.    Sept. 

218.  C.  sphsrosporus.    Peck.    Woods.    Sept. 

Sub-Gbn.  8.    Inoloma.    Fr.      -        . 

219.  C.  violaceus.    Fr.    Violet  Cort.    Woods.    Aug. 

220.  C.  camphoratus.    Fr.    Strong-scented  Cort.    Ground.    Sept. 

221.  C.  callisteus.    Fr.    Stout  Cort.    Woods.    August. 

222.  C.  pholideus.    Fr.    Scaly  Cort.    Woods.    Sept. 
228.  C.  sublanatus.    Fr.    Woolly  Cort.    Woods.    Sept. 
224.  C.  lUaclnus.    Peck.    Woods.    Sept. 

226.  C.  squamulosns.    Peck.    Scaly  Cort.    Woods.    Aug.,  Sept. 

226.  C.  aspep.    Peck.    Newly  cleared  places.    Sept. 

Sub-Gbn.  Dermocybe.    Fr. 

4 

227.  C.  anomalns.    Fr.    Thin-capped  Cort.    Woods.    Sept.    Oct. 

228.  C.  spllomeus.    Fr.    Scaly-steofmed  Cort,    Woods.    Sept. 

Sub-Gbn.  Telamonia.    Fr. 

229.  C.  bnlbosus.    Fr.    Bulbou^  Cort.    Woods.    Aug.,  Sept. 

280.  C.  llgnarlus.    Peck.    Decayed  wood.    June. 

281.  C.  llmonlus.    Fr.    Lemon  Cort.    Decaying  pine.    June. 

282.  C.  hlnnuleus.    Fr.    Fawn  Cort    Woods.    June. 

288.  C.  psammocephalus.    Fr.    Little  Tawny  Cort.    Woods.    Aug.,  Sept. 

284.  C.  llleopodlus.    Fr.    Tftn-colored  Cort.    Woods.    June,  Sept. 

Sub-Gbn.  Hygrocybe.    Fr. 

286.  C.  Armenlacus.    Fr.    Peach  Cort.    Woods. 

286.  C.  vemalis.    Peck.    Spring  Cort.    Ground.    June. 

287.  C.  castaneus.    Fr.    Chestnut  Cort.    Woods.    Sept. 

288.  C.  Reedii.    Berk.    Reed's  Cort.    Shores  of  lakes.    June. 
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389.  C.  lencopas.    Fr.    White-stemmed  Cart.    Woods.    May. 

240.  C.  deciplens.    J^.    Deceptive  Cort.    Woods.    Sept. 

Gbn.  Lepister.    iShntth.    Sieem.  Joar.  1870. 

241.  L.  DUdla.    Bull.    Amethyst  Lep.    Woods.    Prairies.    Aug.  Sept. 

242.  L.  personata.    Fr.    Parple-stemmed  Lep.    Groand.    Aug.  Sept. 

Gbn.  Pazillas.    .FV. 

248.  P.  involatns.    J^.    Involute  Pax.    Groand  Id  woods.    Aug.  Sept. 

244.  P.  strigosus.    Peck.    Hairy  Pax.    Gronnd,  woods.    Sept. 

Gbn.  Hygrophorus.    Fr.    Terrestrial.    Woods,  on  ground. 

245.  H.  eburenus.     Fr.    Ivory  Hygroph.    Woods.    Sept.,  Oct. 

246.  H.  C088US.    Fr.    Gk>at-moth  Hygroph.    Woods.    Sept.,  Oct. 

247.  H.  cerascinus.    B.    Waxy  Hygroph.     Woods.    Sept.,  Oct. 

248.  H.  aromatlcns.    B.    Aromatic  Hygroph.    Woods.    Sept. 

249.  H.  mesotephrus.  B.  d  Br.  Brown-disk  Hygroph.  Woods.  Aug., Sept. 
260.  H.  hypothejtts.  Fr.  Pine- wood  Hygroph.   Sandy  soil.  Woods.   Sept. 

251.  H.  olivaceo-albus.    Fr.    Olive  Hygroph.    Woods.    Sept. 

252.  H.  leporinus.    Fr.    Hare- colored  Hygroph.    Terrestrial.    Sept. 
258,  H.  pratensis.    Fr.    Pasture  Hygroph.    Open  places,  woods.   Sept. 
854.  H.  niveus.    Fr.    Snow-white  Hygroph.     Mossy  ground.     Aug.,  Oct. 

255.  H.  ceraceus.    Fr.    Wax-like  Hygroph.    Woods.    Sept.,  Oct. 

256.  H.  minlatus.    Fr.    Vermillion  Hygroph.    Woods.    Aug.,  Sept. 

257.  H.  coniscns.    Fr.    Conical  Hygroph.    Terrestrial.    Aug.,  Oct. 

258.  H.  nitidus.    B.  dt  R.    Amongst  moss  in  wet  places.    Aug.,  Sept. 

Gbn.  Gomphidius.    Fr,    Terrestrial  mainly. 

259.  G.  viscidus.    Fr.    Viscid  Gomphidius.    On  wood.    Aug. 

Gbn.  Lactarius.    Fr.    Terrestrial.    Mainly  in  woods. 

260.  L.  torminosus.    Fr.    Woolly  Lactarlus.    Aug.,  Oct. 

261.  L.  cilicioides.    Fr.    Tomentose  Lact.    Sept. 

262.  L.  turpis.    Fr..  Dirty  Lact.    July. 

268.  L.  pubescens.     Schrad.    Pubescent  Lact.    Aug.,  Sept. 

264.  L.  zonarius.    Fr.    Zoned  Lact.    Aug.,  Oct. 

265.  L.  blennius.    Fr.    Slimy  Lact.    Aug.,  Sept. 

266.  L.  pyrogalus.    Fr,    Pear-scented  Lact.    Aug.,  Sept. 

267.  L.  plumbeus.    Fr.    Lead-coloured  Lact.    Aug.,  Sept. 

268.  L.  chrysorrhffius.    Fr.    Yellow  Juiced  Lact.    July,  Aug. 

269.  L.  piperatus.    Fr.    Peppery  Lact.    July,  Sept. 

270.  L.  vellereus.    Fr.    Woolly-white  Lact.    July. 

271.  L.  deliciosus.    J^V.    Delicious  Lact.    Aug.,  Oct. 
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272.  L.  paUidos.    Fr,    Pallid  Lact.     Aug.,  Sept 

278.  L.  thelogalns.    Fr,    Solphar-jaiced  Lact.    Aug. 

274.  L.  Cyatbala.    Fr.    Cup-like  Lact.    Aug.,  Sept. 

275.  L.  glyclosmos.    Fr,    Scented  Lact.    Aug.,  Oct. 

276.  L.  serifluns.    Fr.    Thin-juiced  Lact.    Sept. 

277.  L.  ftaliginosus.    Fr.    Dingy  Lact.    July,  Oct. 

278.  L.  afflnia.    Ftck.    Viscid  Lact.    Sept.,  Oct. 

279.  L.  volemus.    Fr,    Orange-brown  Lact.    July,  Sept. 

280.  L.  platyphyllus.    Ftck.    Aug.,  Sept. 

281.  L.  sordidus.    Ftck.    Sandy  soil.    Sept. 

282.  L.  grlseus.    Ftck.    Low  ground.    Aug. 

Gbn.  Russula.    Fr.   Terrestrial.    Usually  late  Summer  and  Autumn. 

288.  R.  nigricans.    Fr.    Blackish  Bus.    July,  Aug. 

284.  B.  aduster.    J^.    Scorched  Bus.    Sept.,  Oct. 

285.  B.  delica.    Fr.    Whitish  Bus.    Woods.    Aug. 

286.  B.  ftircata.    J^;    Forked  Bus.    Woods.    Sept. 

287.  B.  sanguinea.    Fr.    Blood-red  Bus.    Woods.    July. 

288.  B.  rosacea.    Fr.    Bosy  Bus.    Woods.    July. 

289.  B.  sardonia.    Fr.    Changeable  Bus.    Woods.    July. 

290.  B.  depallens.    J^.    Bleached  Bus.    Woods.    July. 

291.  B.  Yiresoens.    Fr.    Greenish  Bus.    Woods.    July,  Sept. 

292.  B.  lepida.    Fr.    Scaly  Bus.    Woods.    July,  Aug. 
298.  B.  rubra.    Fr.    Bed  Bus.    Woods.    July,  Aug. 

294.  B.  foetens.   Fr.    Foetid  Bus.    Woods.    July,  Sept. 

295.  B.  emetica.    Fr.    Emetic  Bus.    Woods.    July,  Oct. 

296.  B.  ftragilis.    Fr.    Fragile  Bus.    Woods.    July,  Aug. 

297.  B.  Integra.    Fr.    Entire  Bus.    Woods.    July,  Aug. 

298.  B.  decolorans.    Fr.    Discolored  Bus.    Woods.    Sept. 

299.  B.  veternosa.    Fr.    Sleepy  Bus. 

800.  B.  nitida.    Fr.    Shining  Bus.    Woods.    Sept. 

801.  B.  alutacea.    Fr.    Tan-colored  Bus.    Woods.    July,  Aug. 

802.  B.  lutea.    Fr.  Yellow  Bus.    Woods.    August. 

808.  B.  chamffileontina.    Fr.    Chameleon  Bus.    Woods.    Sept. 

804.  B.  marls.    Itck.    Woods.    July,  Aug. 

QsN.    Cantharellus.    Adams*  Fung. 

805.  C.  cibarius.    Fr.    Edible  Chantarelle.    Woods.    July. 

806.  C.  aurantiacus.    Fr.    False  Chant.    Ground  and  wood.   Aug. 

807.  C.  umbonatus.    P.    Umbonate  Chant.    Ground.    July. 

808.  C.  tubieformis.    Fr.    Tubseform  Chant.    Woods.    July. 

809.  0.  infkmdibuliformis.  Fr.  Funnel-shaped  Chant.  Ground.  July,  Aag. 

810.  C.  minor.    Ftck.    Ground  in  woods.    July,  Aug. 

811.  C.  dichotomus.    Ftck.    Damp  ground.    Woods.    July,  Aug. 

Gbn.  Ntctaus.    Fr.    Gea.  Hymen. 

812.  C.  asterophora.    Fr.    Star-bearing  Nyctalis.    Dead  Fungi.    Sept. 
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Gbn.  Marasmius.    Ft,    Epiphytal.    Terrestrial. 

818.  M.  oreades.    Ft.    Falry-rlog.    Champtgnon.    May,  Oct. 

814.  M.  ftisco-parpureuB.    Ft,    Pnrple  brown  Maras.   Woods.  June,  July. 

815.  M.  WyDoei.    B.  dt  Br.    WynDe's  Maras.    Leaves.    June,  July. 

816.  M.  erythrophns.    Fr,    Pallid  Maras.    On  ground  and  wood.    July. 

817.  M.  terglnus.    Fr.    Clustered  Maras.    In  woods  on  wood.    June. 

818.  M.  alllaceus.    Fr.    Onion-scented  Maras.    Wood.    July,  Aug. 

819.  M.  rotula.    Fr,    Collared  Maras.    Ground.    June,  Oct. 
830.  M.  audrosaceus.    Fr.    Black  stemed  Maras.    June,  Sept. 

821.  M.  insititius.    Fr.    Horny  stemed  Maras.    Aug.,  Oct. 

822.  M.  epiphyllus.    Fr.    Leaf  Maras.    Woods.    June,  Oct. 

328.    M.  saccharinus.  Fr.    Granular  Maras.  Epiphytal}  Woods.  June,  July. 
824.    M.  spodoleucus.    B.  dt  Br.    Stemless  Maras.    Epiphytal.     Woods. 
June,  Sept. 

325.  M.  velutipef*.    B.  &  C.    Woolly  Maras.    Woods.    July. 

326.  M.  plancus.    Fr.    Hairy  Maras.    Woods.    June,  Oct. 
827.    M.  subvenosus.    Peck,    Leaves  In  woods.    Aug.,  Oct. 

328.  M.  campanulatus.    Peck.    Leaves  in  woods.    Aug. , 

329.  M.  cttspitosus.    Peck.    Decaying  branches,  woods.    June. 

380.  M.  longipes.    Peck.    Among  fkllen  leave?,  woods.    Aug.,  Oct. 

381.  M.  glabellus.    Peck.    Amongst  leaves,  woods.    July,  Sept. 

382.  M.  anomalus.    Peck,    Sticks,  leaves  in  woods.    July. 

Ghn.  Lentinus.    Fr.    Generally  on  wood. 

388.  L.  tigrinus.    Fr^    Tiger-spot  Len.    June,  Oct. 

884.  L.  Dunalii.    Ft.    Dunal's  Len.    June,  Sept. 

885.  L.  lepidius.    Ft.    Scaly  Len.    June,  July. 

886.  L.  cochleatus.    Fr,    Shell  L^p.    June,  July. 

887.  L.  vulpinus.    Ft.    Strong-scented  Len.    May,  Aug. 

GxM.Panns.    Fr,    Epiphytal.    Stumps. 

888.  P.  torulosns.    Fr,    Twisted  Pan.    Sept. 

889.  P.  conohatus.    Fr.    Shell  Pan.    May,  Oct. 

840.    P.  salicinus^    Peck.    On  Salix  discolor.    Michx.    Sept.,  Oct. 
341.    P.  strigosus.  B,  dt  C.    Aug. 

Gkn.  Trogia.    Ft. 

842.    T.  crispa.    Fr,    Crisped  Trogia.    On  d^id  branches.    Sept 

Gbk.  Schizophyllum.    Fr. 

848.    8.  commune.    Fr.    Common  Schiz.    On  dead  wood.    The  season. 
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Gbk.  Lenzites.    Fr. 

344.  L.  betntlDa.    Fr.    Birch  Lenzltes.    Stumps.    Perennial. 

345  L.  floccida.    Fr.    Flaccid  Lenzite«.    Stumps.    Sept.,  Oct. 

Ordkr  II.    Polyporei. 
Gbn.  Boletus.    Fr.    Terrestrial. 

346.  B.  etegans.    Schum.    Elegant  Boletus.    Woods.    June,  Oct. 

347)  B.  flavus.     With*    Bright-yellow  Bolet    Woods.    July. 

348.  B.  badlus.    Fr.    Bay  Boletus.     Woods.    Wright  county.    August. 

349.  B.  strisepes.    See.    Striate  Bolet.    Aug. 

350.  Bi  chrysenteron.    Fr.    Red-cracked  Bolet.    Sept. 

351.  B.  subtomentosus.    X.    Tellow-cracked  Bolet.    Woods.    Aug. 

352.  B.  pachypus.    jFV.    Thick-stemmed  Bolet.    Aug.,  Sept. 

353.  B.  edulis.    Bidl.    Edible  Bolet.    Woods.    Aug. 

354.  B.  ffistivalis.    Fr,    Early  Bolet.    Woods.    Esculent. 

355.  B.  purpureus.    Fr.    Purple  Bolet.    Woods.    Aug. 

356.  B.  scaber.  'Fr.    Shaggy  Bolet.    Woods.    Aug.    Esculent. 

357.  B.  alutarius.    Fr.    Tan- colored  Bolet.    Woods.    Aug. 

358.  B  felleus.    Bull.    Bitter  Bolet.    Woods.    Sept. 

859.  B.  cyanescens.    Bull.    Sibthorp*s  Bolet.    Woods.    Aug. 

Gbw .  Polyporus.    Fr. 

360.  P.  leptocephalus.    Fr.    White-pored  Poly.    On  wood.    June,  July. 

361.  P.  perennis.    Fr.    Perennial  Poly.    Ground,  stumps.    Aug.,  Oct. 

362.  P.  Rostkovii.    Fr.    Rostkovins'  Poly.    Rotton  wood.    June,  Sept. 
368.  P.  elegans.    Fr. '  Elegant  Poly.   Trunks,  branches,  woods.   July. 

364.  P.  quercinus.    Fr.    Oak  Poly.    Old  oaks .    June. 

365.  P.  sulftireus.    Fr.    Sulphury  Poly.    Logs,  stumps.    June,  Sept. 

366.  P.  aliigattis.    Fr.    Connected  Pdly.    Base  of  stumps.    June,  Sept. 

367.  '  P.  heteroclitus.   Fr.    Grand  Poly.    Ground     Wright  county.    Aug. 

368.  P.  salignus.    Fr.    Willow  Poly.    On  Willows.    July,  Nov. 

369.  P.  chioneus.    Fr.    Soft  white  Poly.    Root^  of  stumps.    Aug. 

370.  P.  cassius.    Fr.    Blue-gray  Poly.    On  pine  logs.    July,  Oct. 

371.  P.  destructus.    Fr.    Destructive  Poly.    Larch,  ground.    July,  Sept. 

372.  P.  rutilans.    Fr.    Reddish  Poly.    Branches,  woods.    June. 
378.  P.  adustus.    Fr.    Scorched  Poly.    Stumps. 

374.  P.  hispidus.    J^.    Hispid  P<^.    Living  oaks.    Perennial.   ' 

375.  P.  spnmeus.    Fr.    Oozing  Poly.    Trunks,  branches.    July. 

376.  P.  nigricans.    Fr.    Black-hoof  Poly.    Living  birch.    Perennial. 

377.  P.  annosus.    Fr.    Imbricated  Poly.    Larch  stumps.    Perennial. 

378.  P.  connatus.    Fr.    Connate  Poly.    Crab  trunks.    Miss  R.  A.  Johnson. 

379.  P.  hirsutus.    Fr.    Bristly  Poly.    Dead  trunks.    Woods.    July. 
:380.  P.  versicolor.    Fr.    Common  Zoned  Poly.    Stumps^  &c.    Persistent. 
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881.  P.  abietinus.    Fr.    Whitish  Fir  Poly.    Larch.    July. 

882.  P.  contlgans.    Fr,    Contigaons  Poly.  Decayed  wood,  &c.  June,  Sep. 

888.  P.  ferraginosQS.    Fr.    Rusty  Poly.    Posts,  &c.    June,  Sept. 
884.    P.  Armeniacus.    Berk,    Buff  Fir  Poly.    June. 

886.  P.  Incamatus.    Fr,    Flesh-Colored  Poly.    Larch.    July,  Aug.     ' 

886.  P.  violaceus.    Fr.    Violet  Poly.    Poplar  Larch.    July,  Aug. 

887.  P.  medulla-panis.    Fr,    Crumb  of  Bread  Poly.    Wood.    June,  Sept. 
t^.  P.  obdncens.    Fr,    Incrusting  Poly.    Rotten  wood.    PerenniaL 

889.  P.  Tulgaris.    Fr.    Common-efltised  Poly.    Dead  wood. 

890.  P.  yaporarius.    Fr,    Creeping  Poly.    Fallen  branches. 

891.  P.  glomeratus.    Peck,    On  Acer  saocharinum.     Wang.    Aug. 

893.  P.  Oordonlensis.   B,^Br.    Gk>rdon's  Fir  Poly.    Decaying  wood.  Sep. 

Gbn.  Trametes.    Fr, 

898.    T.  plni.    Fr,    Fir  trunk  Trametes.    Pine  trunks.    Perennial. 

894.  T.  odora.    Fr,    Small  pored  Tranletes.     Willows. 

Qbm.  Dssdalea.    Fr, 

395.  D.  unicolor.    Fr,    One-coloured  Daedalea.    Stumps.    Trunks. 

396.  D.  latlssima.    Fr,    Biftised  Dsedalea.    On  ftiUen  dead  branches. 

Gkn.  Merulius.    Fr, 

397.  M.  tremellosas.    Sehrad,    Tremeilose  Merulius.    Sept. 

398.  M.  corinm.    jFV.    Leathery  Merulius.    Dead  trnnks. 

399.  M.  malluscns.    Fr,    Thin  Merulius.    Dead  wood. 

400.  M.  mftis.-  P.    Rufous  Memllos.    Dead  oak  branches. 

401.  M.  serpens.    Fr,    Creeping  Merulius.    Dead  wood.    June,  Sept. 

Gbm.  Porothelium.    Fr, 

402.  P.    Friesii.    Mont,    Fries*  Porothelium     Pine  wood. 

Ordbr  III.    Hydnei. 
Qkn.  Hydnum.    Linn, 

403.  '  H.  repandum.    L,    Spreading  Hyd.    Ground.    Aug.,  Sept. 

404.  H.  zonatum.    BaUch,    Zoned  Hyd.    Ground.    Woods.    Sept. 
406.    H.  tomentosum.    L,    Tomentose  Hyd.    Ground.    Woods.    July. 

406.  H.  erinacens.    Hull,    Hedgehog  Hyd.    Living  Oak.    Sept.,  Oct. 

407.  H.  nivenm.    P.    Snowy  Hyd.    Dead  wood.    Leaves.    Sept. 

408.  H.  fiftrinaceum.    P.    Mealy  Hyd.    Decaying  wood.    July,  Sept. 

ObdbrIA^    Auricularini.    Fr, 
Gbn.  Cratorellus.     Fr, 

409.  Cconraooptoides.    Fr,    Horn-like  Cratellus.    Ground. 
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\ 
Gkn.  Thelep^ora.    Fr. 

410.  T.  ofldsia.    P.    Ash-gray  Thelephora.    iDcrastiDg  grass. 

411.  T.  arida.    Fr,    Dry  Thelephora.    Decaying  pine. 

Gen.  Stereum.    Fr. 

412.  8.  parpareuin.    Fr.    Purple  Steream.    Tninks.    Perennial. 
418.    8.  hirsutum.    Fr,    Hairy  Steream.    Stamps.    Peren.  ^ 

414.  8.  acerinam.    Fr.    Maple  Steream.    Living  maple  tranks. 

Gen.  HjrmenochflBte.    Lev. 

415.  H.  rabiginosa.    Lev.    Rabiginoas  Hymenochste. 

Order  V.    Clavaricl. 
Gem.  (ilaTaria.    X. 

416.  C.  amethystina.    Bull.    Amethyst  Clavaria.    Sept. 

417.  C.  fastlgiata.    D.  C.    FasUglate  Clavaria.    Woods.    Aag.,Oct. 

418.  C.  coratloides.    L.    White  Coral  Qavaria.    Woods.    Aug.,  Sept. 

419.  C.  ambrina.    Berk.    Umber  Clavaria.    Woods.    Aag.,  Sept. 

420.  C.  cinerea     Bull.    Clnereoas  Clav.    Woods.    Sept. 

421.  C.  cristata.    Bolmsk.    Crested  Clav.    Woods.    Sept 

422.  C.  ragosa.    BtUl.  '  Wrinkled  Clav.    Woods.    Sept. 
428.  C.  Kunzel.    Fr.    Kanze's  Clav.    Woods.    Sept. 

424.  C.  aorea.    8eha^    Golden  Clav.    Open  woods.    Sept. 

425.  C.  formosa.    Fen,    BeaatiM  Clav.    Aug.,  Oct. 

426.  C.  crocea.    P.    Saffiron-yellow  Clav.    Deci^ng  wood.    May. 

427.  C.  purpurea.    Mull.    Purple  Clav.     Woods.    Sept. 

428.  C.  iniequalis.    Mull.    Unequal  Clav.    Woods.    Sept. 

429.  C.  vermiculata-    Scop.    White-tufted  Clav.    Aug.,  Sept. 
480.  C.  firagUis.    Holmsk.    Brittle  Clav.    Woods.    Sept. 
431.  C.  contorta.    Fr,    Contorted  Clav.    Branches.    Aug. 

Gen.  Calocera.    Fr. 

482.    C.  glassoides.    Fr,    Soft  Calocera.    Decayed  stumps.    Sept. 

Order  YI.    Tremellini. 

Gen.  Tremella.    Fr. 

488.  T.  flmbriata.    Pers,    Fringed  Tremella.    Dead  branches.    June. 

484.  T.  Arondosa.    Fr,    Large  Pale  Treme^a.    Ground.    Aug.,  Oct. 

485.  T.  foliacea.    P.    Foliaceous  Tremella.    Stumps.    Aug. 

486.  T.  lutescens.   Fr,    Yellowish  Tremella.    Old  stumps.    Aug.,  Sept. 

487.  T.  mesenterica.    BeU.    Orange  Tremella.    Sticks.    Aug.,  Oct. 


Digitized  by 


Google 


SURVEY  OP  MINNESOTA.  81 

488.  T.  vesicaria.    Bull.    Bladdery  Tremella.    Qronnd.    Aug.,  Sept. 

489.  T.  albida.    Hud.    Whitish  Tremella.    Logs.    Jane,  Aug. 

440.  T.  intamescens.    Sow.    Contorted  Tremella.    Wood.    Joly,  Sept. 

441.  T.  indecorata.    Somm.    Dingy  Tremella.    Dead  willows.    Aug. 

442.  T.  tobercnlaria.    Berk.    Horny  Tremella.    Branches.    Sept.,  Oct. 
448.  T.  torta.     WUld.    Twisted  Tremella.    Oak.    July,  Sept. 

444.  T.  epig»a.    B.  d  Br,    Gronnd  Tremella.    Ground.    Sept. 

GxN.  Exidia.    FV. 

445.  E.  glandolpsa.    i^.    Witches'-Bntter  Bxidia.    Oak  branches.    Ang. 

Gen.  Himeola.    Fr. 

446.  H.  Anricnla-Jodae.    Berk.    Jew's*ear  Himeola.    Wood. 

^  Geh.  Dacrymyces.    Nee$. 

447.  D.  stillatos.    Nees.    Orange  Dacrymyces.    Fine  logs. 

GxN.  Apyrenlnm.    Fr. 

448.  A.  lignatile.    Fr.    Wood  loving  Apyrenlnm,    Decayed  wood. 

HYPOGiEI. 
Family  n     Gasteromycetts. 

Order  VII.    Hypogsei. 
Gen.  Hymenogaster.    Tul. 

449.  H.  mnticns.    B.  4b  Br.    Cracking  Hymenogaster.    Sept. 

450.  H.  Intens.     VUt.    Yellow  Hymenogaster.    Woods.    Jnly,  Sept. 

451.  H.  decoms.     Tul.    Comely  Hymenogaster.    Woods.    Ang.  Sept. 

FHALLOIDEI. 

Order  VIII.    Fhalloidei. 

Gen.    Fhallos.    Linn. 

45S.    F.  impndlcns.    Linn.    Common  Stink-horn.    Sept.,  Oct. 

TRICHOGASTRES. 

Order  IX.    Trichogastres. 

Gen.  Tnlostoma.    Fen. 

458.    T.  mammosnm.    Fr.    NIppled  Tnlostoma.    Ground. 
11 
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Gen.  Geaster.    Mich. 

454.  G.  fornlcatus.    Fr.    Vaulting  Geaster.    Ground.    Sept.,  Oct. 

455.  G.  Btriatus.    D.  a    Striate  Geaster.    On  sand. 

456.  G.  Bryantli.    Berk.    Bryant's  Geaster.    Sandy  soil. 

467.  G.  hygrometrlcus.  P.   Hard-coated  Geaster.    Ground.    Woods.    Oct. 

458.  G.  lageniformis.     ViU.    Flask-l Ike  Geaster.    Woods.    Oct. 

Gbn.  BoYista.    Dttl. 

459.  B.  nlgrescens.    P.    Blackish  Bovlsta.    Prairies.    May. 

460.  B.  plumbea.    P.    Lead-colored  Bovlsta.    Prairies.    Common. 

461.  B.  ammophUa.    Lev.    Rooting  Bovlsta.    Woods.    Sept. 

Gbn.  Lycoperdon.    Tourn. 

462.  L.  giganteum.    Baisch.    Giant  Puflf-ball.    Pastures.    Opt. 

468.  l!  calatum.    Fr.    Collapsing  Puff-baU.    Prairies.    Aug.,  Sept. 
464.    L.  atropurpureum.     Vitt.    Pnrple-spored  Puflf-ball.    Aug. 

466.  L.  pusUlum.    Fr.    Little  Fnflf-baU.    Prairies.    June,  Sept. 

466.  L.  saccatum.     VahL    Elongated  Puflf-ball.    Thickets.    July. 

467.  L.  gemmatum.    Fr.    Warted  Puflf-ball.    Meadows.    Prairies.     Aug. 

468.  L.  pyrlforme.    Schceff.    Pear-shaped  Puff  Ball.    Stumps.    Sept. 

Gbn.  Scleroderma.    P. 

469.  S.  vulgare.    Fr.    Common  Scleroderma.    Borders  of  woods.   Aug. 

470.  8.  bovlsta.    Fr.    Thin-coated  Scleroderma.    Aug.,  Sept. 

471.  8.  verrucosum.    Pera.    Warty  Scleroderma.    Prairies.    Aug. 

Gen.  Polysaccum.    D.  0. 

472.  P.  ollvaceum.    Fr.    Olive  Polysaccum.    Ground,  woods.    Aug. 

Ordbr  X.    Myxogastres. 
Gbn.  Lycogala.    Mich. 
478.    L.  epldendrum.    Fr.    Stump  Lycogala.    July,  Oct. 
Gbn.  Betlcularia.    Bull. 

474.  R.  maxima.    Fr.    Large  Rellcularia.    Trunks,  fallen  trees. 

475.  R.  atra.    Fr.    Black  Retlcularia.    Pine  logs.    Aug. 

476.  R.  umbrlna.    Fr.    Umber  Retlcularia.    Stumps.    July. 

Gbn.  iBthallum.    Link. 

477.  A.septlcum.-  Fr.    iBthallum.    Woods.    Decaying  wood. 
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Gbn.  Spnmaria.    Ft. 

478.  8.  alba.    D.  C    White  Spamaria.    Living  grass.    Jane. 

Gbk.  Ptychogaster,    Ca, 

479.  P.  albOB.     Corda»    White  Ptychogaster.    On  groand.    July. 

Gbk.  Diderma.    P. 

480.  D.  fturinacenm.    Feck,    Invests  l^rn  stems  in  low  woods. 

481.  D.  Marlae-Wilsoni.    Clinton,    Sticks,  woods.    Ang. 

488.    D.  globosam.    Fr.    Globose  Didenna.    D6ad  leaves.    Sept. 

Gbn.  DIdyminm.    Schrad. 

488.  D.  melanopns.    Fr.    Black-stemmed  Didyminm.    Sticks.    Aug. 

484.  D.  connatnm.    Peck,    Decaying  Bussula.    Sept. 

485.  D.  AirAiraceom.    Fr.    Scnrfy  Did.    Rotten  wood.    Jnly,  Ang. 

486.  D.  sqnamnlosom.    A.  A  O.    Scaly  Did.    Dead  leaves,  &c.    Aug. 

487.  D.  farinaceom.    Fr.    Mealy  Did.    Dead  leaves.     Aug. 

488.  D.  pertosnm.    Berk,    Pierced  Did.    Stumps.    Oct. 

Gbn.  Physarum.    P. 

489.  P.  pulcherripes.    Peck.    Botten  wood.    July. 

490.  P.  CAspitosum.    Peck.    Botten  wood.    Aug. 

491.  P.  atrum.    Fr.    Black  Physarum.    Dead  Branches.    Aug. 

Gbn.  Angloridium.    Orev. 

492.  A.  sinuosum.    Orev.    Twisted  Angioridlnm.    Sept. 

Gbn.  Craterium.     Trent. 
498.    C.  mutabile.    Fr.    Changeable  Craterium.    Bark.    July. 

Gbn.  Diachcea.    Fr» 

494.  D.  elegans.    Fr.    Elegant  Diachasa.    Dead  leaves.    Aug. 

Gbn.  Stemonitis.    Oled. 

495.  S.  ftisca.    Bath.    Brown  Stemonitis.    Dead  wood.    June. 

496.  8.  ferruginea.    Eh$b.    Busty  Stemonitis.    Dead  wood.    July. 

497.  S.  ovata.    P.    Ovate  Stemonitis.    Botten  wood.    June. 

498.  S.  obtusata.    Fr.    Obtuse  Stemonitis.    Botten  wood.   Jane. 
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Obn.  Arcyrla.    HUh 

499.  A.  natans.    Fr.    Nodding  Arcyria.    Rotten  wood.    Jane. 

Qrdbr  XI.    Nidolariacei.     TtU. 
Gen.  Polyanglum.    Link. 

500.  P.  yitellinam.    DUm.    Egg-y«]lowPolyaDginm.    Stamps. 

Fabult  III.    Coniomycetes. 

Order  XII.    Sphaeronemei. 

Gin  Pboma.    Fr, 

501.  P.  ampelinam.    B,  A  C.    Dead  grape  vines.    Woods.    Jaly. 

502.  P.  exignom.    Demn,    Little  Phoma.    Elder  shoots.    Aug. 
508.    P.  glandicola.    Lev.    Acorn  Phoma.    Acorns.    Sept. 

Gbn.  Discella.    B.  A  Br. 

504.  D.  carbonacea.    B.  A  Br.    Black  Discella.    Dead  twigs. 

Order  XV.    Paccinisi. 
Gin.  Pbragraidinm.    Link. 

505.  P.  mncronatnm.    Link.    Bose  Brand.    Living  Rose  leaves.    kxkU 

506.  P.  gracile.    Grew.    Raspberry  Brand.  Rasp,  leaves.    Ant. 

507.  P.  obtnsam.    Link.    Strawberry  Brand. 

508.  P.  graminis.    Fers.    Corn  mildew.    Leaves  of  corn.    Ant. 

509.  P.  striola.    Link.    Sedge  Mildew.    Rashes.    Aatamn. 

510.  P.  coronata.     Corda.    Ck>ronated  Mildew.    Grasses. 

511.  P.  vaginaliam.    Link.    Knot-grass  Brand.    Aat. 

512.  P.  primalae.    Cfrev.    Primrose  Brand.    Primroses.    Jane. 
518.  P.  variabilis.    Qrev.    Variable  Brand.    Taraxacnm.    Jaly. 

Gen.  Gymnosporangium.    D.  C. 

514.  G.  Jnniperi.    Lk.    Living  branches. 

Order  XVI.    Cnomacei. 
Gbn.  Tilletia.    Tul. 

515.  T.  caries.    TtU.    Bant.    On  wheat  filling  the  grains.    Aai. 
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Obk.  Ustilago.    Link. 

^16.  U.  carbo.    Tul.    Corn  smut.    Autumn. 

•517.  U.  antherarom.    Fr.    Anther  Smut.    Lychens,  &c. 

•518.  U.  violae.    B.ABr.    Yiolel.  Smut.    Violet  leaves.    August. 

4S19.  U.  occulta.    Preus.    Rye  smut.    On  culms  of  rye. 

Obn.  Uredo.    Lev. 

520.   17.  Qnercus.    Brand,    Oak*leaf  Uredo.    Sept. 
■621.    U.  blflrons.    Qrtv.    Twln-fticed  Uredo.    On  Bumex,    Aug.,  Sept. 

ORDBRXyil.    .Scidlacel. 

Gbn.  iBcidlnm.    Fern, 

522.    A.  euphorblsd.    Pets,    Sparge  Cluster-Caps.    May,  June. 
528.    A.  urtlcs.    2>.  C.    Nettle  Cluster-Caps.    June. 

Family  IY.    Hyphomycetes. 

Ordbr  XYIII  .    Isarlacel . 

6rn.  Isaria.    Fr» 

524.  I.  arachnophUa.    Ditm.    Spider  Isaria.    Dead  spiders. 

525.  I.  citrina.    P.    Lemon-colored  Isaria.    Decaying  ftingi.    Aug. 

526.  I.  intricata.    Fr.    Intricate  Isaria.    Decaying  ftmgi.    Sept. 

Ordbr  XIX.    Stilbacei. 

Gbn.    Tubercularla.    Tode. 

527.  T.  granulata.    P.    Granulate  Tubercularla.    Dead  branches. 

DivisioK  n.    Sporidilfera. 
Faiolt  VI.    Physomycetes. 
Ordbr  XXIV.    Muoorini. 

Gbn.  Ascophora.    Tode. 

528.  A.  elegans.    Corda.    Blegant  Ascophora.    Fowls*  dung. 

Gbn.    Mucor.    Mich. 

629.    M.  ramosus.    Bull.    Branched  Mucor.    Decaying  Aingi.    Aug. 

580.  M.  Mueedo.    L.    Common  Mucor.    Decaying  flruits. 

581.  M.  caninns.    P.    Dog's  dung  Mucor.    Dang  of  dogs. 
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Family  Vn.    Ascomycetes. 
Order  XXVIII.    Elvellacel. 
Gen.  Morcbella.    Diel. 

583.  M.  esoolenta.    Pera,    Common  Morel.    Woods.    May,  June. 

Gen.  Helvella.    Linn. 

588.    H.  gigas.    Kromh,    Large  Helvella.    Ground,  woods.    Spring. 

584.  H.  crispa.    Fr,    Palltd  Helvella.     Ground,  woods.     Barly  Summer* 

585.  H.  sulcata.   Afz,    Sulcate  Helvella.    Ground,  woods.    Oct. 

Gen.  Verpa.    SwarU, 

586.  y.  digitalifbrmis.    Piers.    Finger-shaped  Verpa.    Wood. 

Gen.  Spathularla.    P. 

587.  S.  flavida.    Prs.    Yellow  Spathularla.    Woods.    July. 

Gen.  Leotia.    BUI, 

588.  L.  lubrica.    Ftrs.    Slimy  Leotia.    Woods.    Sept. 

Gen.  Geoglossum.    P. 

589.  G.  viride.    P.    Green  Geoglossum.    Decayed  wood. 

540.  G.  glutlnosum.    P.    Glutinous  Geoglossum.    Woods. 

Gen.  Peziza.    Linn* 

541.  P.  macropus.    Piers.    Long-stemmed  Peziza.    Ground.    July* 

542.  P.  badia.    P.    Large  Brown  Peziza.    Pond  margin.    July. 
548.    P.  aurantia.    Fr.    Orange  Ground  Peziza.    June. 

544.  P.  lutea-nitens.    B^' 4b  Br.    Bright  Yellow  Peziza.    Ground. 

545.  P.  flbrillosa.     Curr^    Woolly  Orange  Peziza.    Oct. 

546.  P.  repanda.     WaM.    Spreading  Peziza.    Gound.    June. 

547.  P.  trachycarpa.     Curr>    Booi^h-spored  Peziza.    Woods. 

548.  P.  leiocarpa.     Curr.    Smooth-spored  Peziza.    Ground. 

549.  P.  cupularis.    L.    Scolloped  Peziza.    June. 

550.  P.  subhirsuta.    Schum.    Hirsute  Peziza.    Ground. 

551.  P.  humosa.    Fr.    Ground  Peziza.    Woods. 

552.  P.  scutellata.    L.    Shield-like  Peziza.    Woods.    May,  Sept. 
558.  P.  unicisa.    Beck.    Ground  In  woods .    Sept.,  Oct. 

554.  P.  echinosperma.    Peck.    Ground  in  woods.    June. 

555.  P.  rubra.    Peck.    Burnt  groond.    June. 

656.    P.  tillae.    Peck.    Dead  branches.    Tilia  Americana.    July. 
557.    P.  coccinea.    Jacq.    Carmine  Peziza.    Wood.    Nov. 
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ObdbrXXXI.    Spbsdriacei. 
Gin.  Yalsa.    Fr. 
558.    y.  pnlchella.    Fr.    Beantiftil  Valsella.     Cherry  and  birch. 

With  three  or  four  exceptions,  the  plants  constituting  the  fore- 
going list  of  Fungi,  have  been  found  by  the  writer. 

Respectfully  contributed, 

A.  E.  JOHNSOK. 

Mdtnbapolis,  January  1st,  1877. 
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VI. 
ORNITHOLOGY. 


REPORT  OF  DR.    P.    L.   HATCH. 


Prof.N.H.  Winchell: 

In  accepting  the  position  of  Ornithologist  on  the  Geological  and 
Natural  History  Survey  of  the  state  to  which  I  have  been  appointed 
by  the  Board  of  Regents,  I  dedire  to  express  to  you  and  the  Board 
my  appreciation  of  the  honor  thus  conferred  upon  me. 

When  first  proposed  to  me  to  undertake  this  work,  its  objects 
were  so  accordant  with  my  inclinations  that  I  had  only  to  har- 
monize its  requirements  with  the  exacting  duties  of  my  profession, 
to  enter  enthusiastically  upon  it.  This  our  mutual  arrangements 
have  enabled  me  to  do  more  satisfactorily  than  I  had  hoped.  I 
therefore  permit  myself  to  expect  to  have  something  to  report  to 
you  at  the  end  of  another  year  appropriate  to  an  embodiment  in 
the  permanent  records  of  your  comprehensive  work. 

To  do  this  I  must  be  permitted  to  rely  upon  the  co-operation  of 
not  only  yourself  and  the  other  members  of  your  staff,  but  of  the 
Board,  and  all  collectors  temporarUy  or  permanently  associated 
with  the  survey. 

I  have  had  sufficient  experience  in  the  work  before  me  to  realize 
the  necessity  of  aid  from  reliable  sources,  *and  this  department  of 
your  survey  has  been  so  long  delayed  that  it  must  be  rigorously 
prosecuted  if  it  shall  keep  its  place  alongside  of  the  others  in  the 
years  to  come.  I  do  not  commence  it,  however,  entirely  de  novo, 
having  .had  some  nineteen  years  observations  in  which  I  have 
accumulated  some  notes  on  birds  in  my  vicinity,  with  occasioned 
explorations  into  other  sections  as  fully  represented  by  them.  The 
rapid  settlement  of  the  state  has  changed  the  relative  representa-. 
tion  of  this  class  of  its  fauna  very  materially,  and  the  increasing 
extent  of  the  cultivation  of  the  soil  for  varied  productions  is  at 
present  not  only  changing  the  aggregate  numbers  of  birds  that 
come  here  to  breed,  and  those  that  permanently  reside  here,  but 
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the  relative  proportions  of  species,  which  shows  the  importance 
of  early  attention  to  this  department  of  the  zoology  of  the  state. 

The  earliest  information  on  this  subject  that  I  have  been  able  to 
get  has  been  obtained  through  interviews  with  persons  connected 
with  the  army  or  trappers  and  traders,  stationed  at  the  several 
military  posts  at  a  very  early  day.  Of  course  this  has  been  meagre, 
and  unsatisfactory  because,  to  a  large  extent,  it  has  been  unreliable. 
After  sifting  it  as  carefully  as  possible  I  find  about  fifty  to  sixty 
species  that  are  known  to  be  territorial  and  aboriginal. 

The  first  approximation  towards  a  listing  of  species  was  made 
by  Henry  Patton  in  connection  with  Owen's  geological  survey  of 
Wisconsin,  Iowa  and  Minnesota,  in  1848-9.  As  he  did  not  record 
the  locality,  or  any  of  the  circumstances  of  his  observations,  his 
list  I  regret  to  say  is  but  little  more  valuable  than  the  foregoing, 
as  it  is  impossible  to  ascertain  what  portion  of  the  ninety -five 
species  he  gives  were  obtained  within  dur  o\^  special  province. 
It  is  not  a  little  remarkable  that  in  the  several  explorations  by  the 
national  government  preliminary  to  the  location  of  our  great 
transcontinental  railroad,  made  upwards  of  twenty  years  ago, 
while  ample  provisions  were  made  for  collecting  the  birds  along 
the  various  lines  of  exploration  in  every  other  instance,  that  from 
St.  Paul  to  the  Rocky  Mountains  had  none.  From  thence  to  the 
Pacific  the  collections  were  as  abundant  and  the  reports  as  full  as 
on  any  other  route  embraced  in  these  extensive  explorations. 
But  in  subsequent  railroad  surveys — ^in  1870,1  think, — along  the 
line  of  the  Northern  Pacific,  Mr.  Tripp  reported  a  list  of  138  species 
observed,  which  only  recently  came  to  my  notice  in  the  Proceed- 
ings of  the  Essex  Institute  of  Massachusetts.  Excepting  the  few 
mentioned,  my  own  notes  of  observation,  published  by  the  Min- 
nesota Academy  of  Natural  Sciences  in  1874,  had  antedated  them 
80  far  as  this  section  was  involved. 

There  have  been  occasional  observations  noted  by  persons  visit- 
ing or  passing  through  the  state,  which  have  been  preserved,  that 
are  reliable. 

During  the  last  year — 1876 — several  species  hitherto  unknown 
here  have  been  identified,  making  at  the  present  time  a  list  of 
about  two  hundred  and  seventy -five  species,  embracing  one  hun- 
dred and  sixty-one  genera,  in  thirty-eight  families  under  six  orders. 

This  comprises  nearly  the  entire  history  of  the  ornithology  of 
Minnesota,  up  to  the  present  time,  so  far  as  my  knowledge  extends. 
Very  respectfully  yours, 

P.  L.  Hatch. 

Minneapolis,  Jan.  10,  1877. 
12 
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VII. 

ENTOMOLOGY. 


REPORT  OF   ALLBK  WBgLTMAN. 


Saikt  Paul,  Minnesota,         ) 
December  23d,  1876.  S 

Prof.  N,  H.  Winchell,  State  Geologist: 

Sir: — I  have  the  honor  to  present  the  following  report  upon  the 
Rocky  Mountain  Locust,*  as  it  has  appeared  in  and  near  Minneso- 
ta during  the  year  1876.  At  the  time  of  my  appointment  (in 
May)  to  make  this  report,  through  the  State  Geological  Surrey, 
there  was  a  hope,  and  apparently  a  reasonable  one,  that  the  com- 
ing summer  would  close  our  present  opportunities  for  observing 
the  destructive  species  of  locust,  at  least  as  far  as  our  state  was 
concerned.  The  insects  were  found  to  be  hatching  in  a  region 
covering  the  whole  or  parts  of  five  or  six  of  our  southwestern 
counties,  in  a  strip  of  country  reaching  from  Madelia  westward 

*  The  name  **  Rocky  Monntain  Locnst"  is  expressed  or  implied  throogh- 
oat  this  report.  I  suppose  that  every  one  knows  that  it  Is  the  CalopUnus 
/Spr€tu8j  or  the  **  grasshopper/'  that  is  referred  to.  Although  the  name 
«( hopper"  holds  its  place  in  popular  usage,  by  force  of  its  brevity  luid  eu- 
phony, the  use  of  the  word  locust  can  occasion  no  ambiguity,  at  least  in 
Minnesota.  In  regard  to  the  latter  name,  an  old  etymology  is  still  often 
repeated,  which  has  done  duty  long  enough.  The  word  locust  (Latin,  loctH" 
ta,)  Is  not  derived  from  the  Latin  locua-vstuSy  a  burnt  place,  and  that  for 
half  a  dozen  reasons.  The  root  of  the  word  {loc)  Is  probably  found  in  the 
Greek  root  lak  (in  lasko,  e-Uxk-on,)  and  in  the  Latin  loqu-or,  referring  lo 
this  ca>e  to  the  chirping  or  shrilling  sound  of  some  insect  called  locusta. 
Its  form  is  confirmed  by  such  Latin  words  as  robustus,  venustus,  &c  See 
Fick,  VergUiohendes  Wotrterbuch  der  IndogermaniicJien  Sprachen.  Part  IV. 
HootiS.) 
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across  the  state,  and  into  two  of  the  eastern  counties  of  Dakota. 
A  few  were- also  found  in  the  northern  part  of  the  state  in  Clay 
county,  and  in  a  few  scattered  spots  in  Dakota  along  the  Red 
riyer.   No  other  hatehing-ground  nearer  than  Colorado  was  known, 
and  there  was  reason  to  believe  that  the  amount  of  damage  result- 
ing from  their  presence  here  would  be  comparatively  small,  and  a 
fair  probability  that  their  swarms  would  be  so  scattered  and  so 
diminished  during  the  summer,  that  the  injury  would,  for  the  pres- 
ent, end  with  the  flying  season.  .  Under  these  circumstances,  it 
seemed  best  to  make  such  additions  and  corrections  to  the  Report 
of  the  Grasshopper  Commission  of  1875,  as  the  experience  of  the 
present  year  should  furnish.     But  as  the  season  has  advanced,  and 
events  have  multiplied  themselves,  the  subject  has  assumed,  both 
in  extent  and  urgency,  a  new  and  continued  importance.     Follow- 
ing close  upon  the  attack  of  1874,  we  have  a  new  locust  invasion, 
Surpassing  all  former  ones  in  the  amount  of  territory  visited,  in 
the  magnitude  of  the  invading  swarms,  in  their  repeated  comings, 
and  in  the  length  of  their  combined  stay.    In  addition  to  the  losses 
inflicted  upon  the  crops  during  the  last  four  summers,  amounting 
to  at  least  eight  millions  of  dollars,  we  find  the  evil  still  confront- 
ing us  as  in  1873,  and  while  we  have  gained  something  by  our  four 
years'  experience,  we  have  also  lost  something  by  the  dishearten- 
ment  which  four  successive  years  of  damage  necessarily  bring.    To 
meet  in  any  such  report  as  this  the  demands  of  a  subject  so  exten- 
sive and  important,  or  the  expectations  of  the  large  number  of 
people  who  are  so  deeply  interested  in  it  would  be  simply  an  im- 
possibility, but  I  should  be  glad  if  anything  contained  in  it  could 
add  to  the  knowledge  necessary  for  intelligent  action,  or  to  the 
hopefulness  which  we  may  reasonably  entertain  in  regard  to  the 
loeust  problem  in  the  long  run.     Such  as  it  is,  the  report  is  the 
result  of  several  visits  to  the  southwestern  coimties  during  the 
spring  and  summer,  of  replies  to  circulars  sent  to  nearly  every  in- 
fested town  in  the  state,  and  of  a  large  amount  of  correspondence 
addressed  freely  to  various  points  in  Minnesota,  Dakota,  and  else- 
where.   To  compile  such  information  as  could  be  collected  from 
all  these,  and  from  hundreds  of  items  published  in  our  state  papers 
during  the  summer,  has  been  a  work  of  a  good  deal  of  time  and 
trouble.    The  practical  value  of  the  results  of  work  of  this  kind 
seldom  corresponds  to  the  amount  of  trouble  incurred,  but  this  is 
simply  the  fault  of  the  subject. 

GENERAL  VIEW   OP  LOCUST  INVASIONS. 

Taking  into  consideration  the  whole  cultivated  region  from 
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Manitoba  to  Texas  and  from  the  Rocky  Mountains  to  the  Missis- 
sippi, there  have  been  in  the  series  of  thirteen  years  from  1864  to 
1876,  but  four,  (or  at  most  five)  years  when  some  portion  of  this 
area  was  not  attacked  by  locusts,  coming  in  from  somewhere  out- 
side of  the  cultivated  area.    In  other  words  there  have  been  no 
less  than  nine  locust  invasions,  (diflfering  much  in  extent  and 
degree,   but  still  occurring,)  in  the  Mississippi  and  Red  River 
valleys  during  the  last  thirteen  years.     And  these  nine  attacks 
stand  against  some  seven  or  eight  recorded  appearances  of  destruc- 
tive locusts  in  the  same  territory  during  Jthe  46j  years  preceding, 
from  1818  to  1864.    Again  we  have  on  the  one  hand  the  sudden 
appearance  of  the  immense  swarms  which  are  said  to  have  overrun 
a  vast  extent  of  territory  on  both  sides  of  the  Rocky  Mountains  in 
1855,  the  gradual  disappearance  of  their  progeny|in  the  course  of 
the  next  three  years,  apparently  without  furnishing  material  for 
subsequent  invasions,  and  their  continued  absence  for  the  next  six 
years.     On  the  other  hand  we  have,  since  1864,  a  series  of  attacks 
occurring  at  intervals  of  one,  two,  or  at  most  three  years,  and 
apparently  of  late  an  annual  vibration  between  the  country  lyings 
along  the  mountains  and  the  lower  cultivated  regions,  each  in  its 
turn  becoming  a  breeding-ground.    The  causes  of  the  increase 
and  continuance  of  the  evil  of  late  years  lie  outside  the  range  of 
common  observation.    That  they  do  not  result  entirely  from  an 
increase  of  acreage  under  cultivation,  is  to  be  inferred,  from  the 
locust  history  of  other  countries,  and  from  the  facts  that  while 
Central  America  has  suffered  from  the  same  evil  at  least  as  far 
back  as  1514  (Bancroft's  Native  Races  of  the  Pacific  Coast,  vol. 
v.,  page  601,)  and  Mexico  and  California  at  least  as  lately  as  1855, 
the  exemption  of  these  countries  since  the  latter  date  has  been  as 
noticeable  as  the  repeated  devastation  of  our  own  vicinity.     As 
for  any  analogy  to  be  derived  from  the  locust  history  of  European, 
countries  the  books  are  not  at  hand  in  this  state  to  furnish  tlie 
exact  chronology  of  the  evil ;  but  from  such  a  source  as  I  have  at 
hand,  the  record  of  Germany  for  the  last  four  centuries  shoi^s 
intervals  of  exemption  from  injury  for  eight,   twelve,  sixteen, 
forty  (1763—1803,)  or  even  fifty  (1636—1686)  years,  and  again  no 
less  than  fourteen  years  of  injury  between  1727  and  1755,  axxd 
among  these  series  of  three,  four,  or  even  five  successive  years    of 
damage,  as  in  the  five  years  from  1727  to  1731,  and  again  from 
1746  to  1750.* 


*  These  dates  are  taken  A*om  a  work  entitled,  Die  Klelnen  Felnde  <j|er 
Landwirthschaft,  by  Prof.  H.  Nordlinger,  Stuttgard,  1855,  famished  by  t^e 
kindness  of  Oastav  Kyllaoder,  Esq.,  of  Severance,  Sibley  county.    For  a. 
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The  locust  problem  still  presents  a  great  deal  upon  which  noth- 
ing like  complete  information  has  been  furnished.  Even  in  re- 
gard to  the  locust  as  it  appears  in  our  own  State,  not  only  does 
the  farmer  ask  many  questions,  to  which  the  entomologist  can  as 
yet  give  no  decisive  answer,  but  even  in  the  practical  economy  of 
the  locust  question  opinions  are  still  at  variance,  where  experience 
should,  by  this  time,  have  brought  some  degree  of  unanimity. 
When  it  comes  to  the  exact  prigin  of  our  invading  swarms,  their 
manner  of  increase  from  year  to  year  before  leaving  their  native 
regions,  their  growth,  habits,  and  movements  in  those  regions, 
how  far  eastward  those  regions  may  or  do  extend,  the  causes  of  the 
repeated  appearance  of  migrating  swarms,  or  their  continued  ab- 
sence for  years  or  even  decades,  no  one  can  at  present  oflFer  in  an- 
swer much  more  than  a  mere  show  of  probabilities.  It  is  evident 
that  the  whole  question  is  becoming  too  urgent  to  wait  for  private 
investigation  to  solve  it.  The  claims  which  an  agricultural  popu- 
lation of  at  least  thirteen  States  and  Territories  may  justly  urge 
upon  the  National  Government  in  this  regard,  have  been  fully  set 
forth  during  the  past  season  ;  but  purely  in  the  interest  of  science, 
if  for  no  other  reason,  we  might  fairly  ask  that  some  portion  of 
the  sums  annually  devoted  to  national  discovery  might  be  expended 
upon  the  further  elucidation  of  a  subject  which  touches  us  so 
nearly  and  so  powerfully.  Having  at  hand  the  time,  the  place, 
and  the  opportunity,  we  might  at  least  attempt  the  solution  of  some 
(jnestions  which  the  Old  World  has  been  obliged  to  leave  unan- 
swered for  a  thousand  years.  We  might,  perhaps,  learn  enouglj 
of  the  causes  of  locust  invasions  to  know  in  what  years  such  in- 
vasions would  become  probable,  and  enough  of  their  origin  to  say 
whether  prevention  is  possible  or  impossible. 

THE  EVIL  AS  IT  APPEARS  IN  MINNESOTA. 

The  growth  and  habits  of  the  young  locust  as  it  appears  in  the 
cultivated  regions,  have  been  so  fully  described  of  late  years, 
(particularly  in  the  seventh  and  eighth  annual  reports  of  the  State 
Entomologist  of  Missouri,  Prof.  Ch.  V.  Riley,)  that  it  seems  im- 

sjstematlc  and  connected  view  of  the  locast  evil  in  general  see  a  paper 
contained  in  ttie  Report  (for  1S76}  of  the  Hon.  Commissioner  of  Statistics 
of  Minnesota,  Dr.  J.  B.  Phillips.  Notice  is  particularly  called  to  a  chrono- 
logical table  published  therein.  It  wiU  be  seen  that  there  is  no  state  or 
territory  west  of  the  Mississippi  that  is  not  in  the  <<  grasshopper  regions, *' 
and  no  year  since  1868  that  has  not  been  a  locust  year.  The  year  1871  should 
be  included  in  the  table,  for  reasons  stated  in  this  report. 
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possible  to  add  much  that  can  contribute  to  that  practical  end 
which  the  farmer  has  in  view,  the  protection  Of  his  crops  from 
the  locusts  which  hatch  in  his  immediate  vicinity.  If  anything 
practical  is  still  to  be  expected  in  this  direction  it  ought  to  come 
from  those  who  are  brought  face  to  face  with  the  young  locust, 
and  are  obliged  to  act  upon  knowledge  gained  upon  the  spot. 
Enough  has  been  learned  already  to  make  it  certain  that  almost 
any  community  may,  by  enlisting  all  the  forces  at  its  disposal, 
effect  a  measurable  saving  of  its  crops,  and  that  the  evil,  if  it 
could  be  confined  to  the  locusts  that  hatch  here,  might  be  prac- 
tically eradicated  in  a  few  years  at  most.  But  there  is  a  growing 
apprehension  in  the  minds  of  the  people  of  Minnesota,  brought 
about  mostly  by  a  consideration  of  events  occurring  in  our  own 
state  only,  and  that  too  only  within  the  last  four  years,  that  we 
are  more  liable  to  locust  invasions  than  other  states;  that  the 
locust  evil  may  become  a  permanent  one  here  even  without  rein- 
forcements from  abroad,  and  that  its  area  may  gradually  extend 
until  it  covers  regions  still  unknown  to  it.  This  apprehension  is 
increased  by  the  fact  that  the  invasion  of  the  present  year  has 
reached,  (to  the  south  of  St.  Paul,)  about  one  degree  of  longitude 
farther  east  than  it  has  ever  been  known  to  extend  before.  It  is 
possible  that  Minnesota  may,  from  its  geographical  position, 
suffer  from  locust  invasions  more  frequently  in  the  long  run  of 
fifty  or  a  hundred  years  than  Kansas  or  Manitoba,  though  a 
history  of  the  last  twenty  years  shows  no  special  preponderance 
in  favor  of  either  state;  it  is  possible  that  its  cold  climate,  and 
the  high  and  dry  soil  of  its  southwestern  counties  may  furnish  a 
more  congenial  and  permanent  home  to  the  swarms  that  breed 
here,  though  the  events  of  the  last  four  years,  when  fairly  con- 
sidered, show  that  even  here  there  is  a  constant  decrease  in  the 
numbers  of  such  swarms  as  remain;  and  finally  the  history  of  the 
whole  Mississippi  Valley  shows  that  the  Rocky  Mountain  Locust 
is  confijied  on  the  east  by  a  tolerably  well  defined  limit  which  up 
to  the  present  time,  neither  invading  swarms,  nor  their  progeny- 
have  essentially  altered.  Upon  all  these  points  entomologists 
are  repeatedly  called  to  express  their  opinions,  which  have  been 
freely  and  in  most  cases  cautiously  given ;  and  these  opinions 
are  in  turn  repeatedly  called  into  question  by  those  who  persist  in 
mistaking  opinion  for  prophecy,  or  in  applying  a  general  rule  to 
a  limited  area,  or  to  a  particular  year.  But  it  is  evident  that  there 
is  still  room  for  the  study  of  the  physical  character  of  the  locust, 
and  of  the  geographical,  geological,  climatic  or  other  causes  by 
which  it  is  influenced. 
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HISTORY  OF  PAST  INVASIONS. 

Until  within  the  last  four  years  the  migratory  species  of  locusts 
has  been  so  infrequent  and  transient  a  visitor  in  Minnesota,  that 
the  details  of  its  former  visits  are  almost  forgotten.  There  is  no 
definite  knowledge  of  any  such  visit  down  to  the  year  1855,  unless 
the  ravages  committed  in  the  Red  River  Settlement  in  1818  and 
1819  may  be  said  to  concern  this  State.  But  the  statement  of 
Capt.  Jonathan  Carver  in  1766,  in  regard  to  the  large  swarms 
which  "infest  these  parts  and  the  interior  colonies'*  shows  the 
occasional  presence  of  the  migratory  locust,  although  it  is  hard  to 
say  exactly  what  localities  are  referred  to.  But  late  in  July,  1856, 
invading  swarms  came  from  the  Northwest  into  the  Upper  Missis- 
sippi Valley,  and  gradually  spread  along  the  river  during  the  sea- 
son, much  the  same  as  they  have  done  in  the  past  summer,  and 
reaching  nearly  the  same  limits.  The  injury  was,  of  course,  felt 
most  severely  along  the  Mississippi  and  the  cultivated  region  adja- 
cent, but  the  locusts  are  said  to  have  appeared  along  the  Minne- 
sota River,  in  the  Yellow  Medicine  country,  and  at  various  points 
in  the  northwestern  counties  of  the  State.  It  is  probable  that 
the  northwestern  part  of  the  State  was  swept  over  by  migrating 
swarms  during  the  sunmier,  much  the  same  as  in  the  present  year. 
But  few  traces  of  these  were  seen  in  the  following  year,  except 
along  the  Upper  Mississippi,  where  the  damage  was  even  greater 
than  the  year  before.  A  general  flight  took  place  in  July,  and  the 
direction  of  the  departure  was  to  the  south  and  southwest  gen- 
erally, and  was,  perhaps,  the  occasion  of  the  injury  done  in  Iowa 
that  year. 

Again,  in  1864,  swarms  appeared  early  in  July,  along  the  Upper 
Minnesota  river,  and  spread  eastward  gradually  during  the  season, 
and  reached  about  as  far  east  as  in  1874,  i.  «.,  to  the  third  tier  of 
towns  in  Le  Sueur  county.  Scattering  swarms  also  visited  Mani- 
toba in  the  same  year,  and  probably  some  portions  •f  these  reached 
Northwestern  Minnesota,  for  we  hear  of  slight  appearances  of  them 
in  the  Red  River  and  the  Sauk  Valleys  in  1864  and  1865.  But  the 
greater  portion  of  the  injury  was  done  in  the  Minnesota  Valley, 
and  was  followed  by  a  general  departure  to  the  southwest  in  1865. 
The  injury  in  Colorado  also  was  very  severe  in  the  same  years, 
but  there  seems  to  have  been  no  large  movement  to  the  eastward, 
such  as  occurred  later,  in  1866  and  1867. 

It  seems  very  likely  that  the  swarms  which  entered  Minnesota 
in  1864  were  hatched  at  no  great  distance,  and  were  the  ofiFspring 
of  swarms  that  had  alighted  in  eastern  Dakota  in  the  preceding 
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year.  This  may  perhaps  be  inferred  from  the  following  letter  of 
the  Rev.  S.  R.  Riggs,  missionary  at  the  Sisseton  Indian  Agency, 
dated  Sept.  9,  1875: 

"Id  1868,  it  will  be  remembered,  that  on  Gen.  Sibley's  expedition  to  the 
MIssoari  we  met  with  the  ravages  of  the  grasshoppers  in  varlons  parts  or 
Dakota,  particnlarly,  as  I  remember,  near  Skunk  Lake  (in  Minnehaha  coun- 
ty) where  the  large  grass  had  been  eaten  to  the  bare  stalks,  and  our  animals 
fared  badly."    He  adds: 

"  In  1865,  I  visited  a  camp  of  Dakota  scouts,  near  the  *  Hole  in  the 
Mountain,'  at  the  head  of  the  Redwood.  That  was  in  the  month  of  Au- 
gust. The  valley  of  the  Minnesota  clear  out  to  the  Cotean  was  so  AiU  of 
grasshoppers  as  to  make  it  unpleasant  traveling.  For  the  next  fonr  years, 
I  traveled  every  summer  on  the  Missourf  River,  coming  over  to  and  trom 
Minnesota.  Every  season  I  met  with  grasshoppers  at  some  point  on  the 
east  side  of  the  Missouri.  In  1867,  and  also  in  1868,  we  found  them  near 
Fort  Randall.  In  1869,  in  August,  we  met  them  above  Fort  Sully,  near 
Grand  River.  In  all  these  cases,  they  were  only  in  small  battalions,  and 
appeared  to  have  come  there  Arom  other  parts.** 

Again,  in  1871,  slight  and  scattering  swarms  of  locusts  appeared 
in  Steams,  Todd,  Douglas,  Pope,  Otter  Tail,  Becker  and  Polk 
counties,  and  perhaps  in  others.  In  all  these  counties  they  were 
in  sufficient  numbers  to  make  themselves  noticeable,  and  in  some 
cases  crops  were  injured,  or  a  few  eggs  laid;  but  the  occurrence 
would  have  been  mostly  forgotten  by  this  time  if  it  had  not  been 
brought  to  mind  by  more  recent  events. 

The  invasion  of  1873  was  something  unusual  in  its  character 
from  the  earliness  of  its  arrival,  the  direction  from  which  it  came^ 
and  from  the  fact  that  it  was  the  beginning  of  a  visitation  which 
has  been  prolonged  to  the  present  time  by  what,  judging  from 
former  years,  would  appear  to  be  unusual  circumstances.  Each 
summer  since  1873,  instead  of  being  the  scene  of  a  general  de- 
parture of  the  hatching  swarms  as  in  former  years,  has  seen 
portions  of  these  alighting  but  a  few  miles  from  where  they 
were  hatched,  (generally  in  the  next  range  of  counties,  and  some- 
times in  other  parts  of  the  same  county,)  and  depositing  eggs  for 
another  brood.  In  addition  to  these,  new  swarms  coming  in  fronoi 
the  northwest  in  1874  and  again  in  1876,  have  added  greatly  in 
the  area  of  devastation  in  both  these  years,  and  in  the  latter  year 
to  the  area  of  egg-deposit. 

MINNESOTA  AS  A  BREEDING  GROUND  OF  THE  LOCUST. 

Without  saying  anything  for  the  present  about  the  new  coming 
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swarms,  the  history  of  those  that  have  bred  inside  the  State  since 
1873  has  been  as  follows:  They  reached  the  southwestern  corner 
of  the  state  about  the  first  of  June,  1873,  brought  by  a  wind  that 
had  been  blowing  freshly  from  the  southwest  for  several  days. 
During  June  and  July,  they  spread  themselves  over  the  whole  or 
portions  of  fourteen  different  counties,  lying  adjacent  to  each 
other,  and  throughout  all  this  area  locusts  were  found  to  be  hatch- 
ing in  1874.  On  acquiring  wings,  these  flew  northward  early  in 
July,  and  portions  of  them  alighted  in  the  range  of  counties  next 
beyond  those  they  h^  already  occupied,  leaving  vacant  the  ground 
they  had  covered  on  hatching.  By  the  15th  of  July  they  had  en- 
tered Blue  Earth,  Nicollet,  McLeod  and  Renville  counties.  By 
the  latter  date,  new  swarms  had  begun  to  pour  in  from  the  north- 
west, and  passed  over  the  western  counties  to  the  southward.  That 
these  additional  swarms  did  not  add  much  to  the  stock  of  eggs  de- 
posited by  our  own  brood  is  probable,  for  two  or  three  reasons; 
first,  because  their  progress,  so  far  as  it  could  be  traced,  was  en- 
tirely across  the  state,  and  even  across  most  of  western  Iowa,  before 
la3ring  eggs;  and  secondly,  because  the  principal  hatching-ground 
of  1875  was  precisely  in  those  counties  which  had  been  already 
occupied  by  our  own  stock  in  1874  (before  the  arrival  of  new 
comers)  with  some  slight  additions  to  the  eastward.  Eggs  were 
also  laid,  later  in  the  season,  in  scattered  spots  in  some  of  the 
northern  counties,  and  in  six  towns  in  Meeker  county,  by  swarms 
coming  in  from  the  northwest  about  the  first  of  August.  But  the 
greater  portion  of  the  locusts  hatched  in  1875  were  found  along 
the  Minnesota  River,  and  these  on  flying  moved  southward,  and 
alighted  in  the  range  of  counties  next  beyond  those  they  had  just 
occupied,  where  they  remained  and  deposited  eggs  during  July  and 
August.  Of  the  swarms  hatched  from  these  last  spring  (1876)  some 
flew  away  to  the  southward  early  in  July,  while  others  flew  north- 
ward, some  alighting  along  the  Minnesota,  and  others  moving  still 
farther  north.  Other  swarms  also  came  from  the  west,  from  the  Red 
River  valley,  into  several  of  the  northern  counties,  and  were  prob- 
ably a  portion  of  those  that  hatched  along  the  Red  River.  By  the 
10th  of  July  all  these  had  made  their  appearance  in  thirteen  coun- 
ties  besides  those  in  which  they  were  hatched,  but  generally  in 
small  and  scattered  bodies,  and  in  only  two  or  three  towns  in  a 
county;  they  were  most  numerous  in  Renville.  Douglas,  and  Otter 
Tail  counties. 

The  object  of  the  preceding  paragraph  is  to  show  that  it  is 
probable  tiiat  the  locusts  which  hatched  in  Minnesota  last  Spring 
were  to  a  considerable  extent  the  descendants  of  the  swarms 
13 
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which  entered  the  State  in  1873.  However  unimportant  it  may 
seem,  it  has  a  certain  Talue  if  it  enables  us  to  judge  of  the  effect 
upon  the  Rocky  Mountain  locust  resulting  from  a  four  years' 
continuous  breeding  in  our  climate. 

DEGENERATION. 

So  much  has  been  said  of  late  years  of  the  tendency  of  the 
migratory  locust  to  "degenerate"  in  the  more  easterly  and  south- 
erly portion  of  the  area  visited  by  it,  and  this  theory  has  been 
considered  by  our  people  so  complete  a  failure,  that  it  is  worth 
while  to  state  exactly  what  the  theory  is,  and  how  truly  it  applies 
to  our  State.  It  might  have  been  submitted  at  the  start  that 
opinions  based  upon  a  consideration  of  events  still  occurring,  and 
more  or  less  liable  to  be  modified  by  new  circumstances,  should 
not  be  pressed  too  far  nor  too  literally;  and  it  was  just  that  in 
judging  as  to  the  correctness  of  these  opinions,  that  they  should 
have  been  fairly  stated.  I  give  them  in  the  briefest  form  in  which 
I  find  them:  "There  is  nothing  more  certain*  than  that  the 
insect  is  not  autochthcmous  in  West  Missouri,  Kansas,  Ne- 
braska, Iowa,  or  even  Minnesota,  and  that  when  forced  to  migrate 
from  its  native  home,  from  the  causes  already  mentioned,  it  no 
longer  thrives  in  this  country. ' '  (Riley 's  Seventh  Annual  Report, 
p.  166.)  It  will  be  noticed  that  Dakota  and  Colorado  are  not 
included  in  this  list;  that  Minnesota  is  to  some  extent  excepted, 
and  that,  though  not  directly  stated  in  the  sentence  quoted,  the 
application  is  to  Swarms  breeding  one  year  after  another  in  the 
regions  mentioned,  and  not  to  such  fierce  hordes  as  have  swept 
down  upon  us  from  the  northwest  in  the  summers  of  1874  and 
18T6.  The  discouraging  events  of  the  last  four  years  have  served 
to  confuse  the  question,  and  it  is  no  wonder  that  our  farmers, 
seeing  the  considerable  numbers  that  have  remained  to  breed  here 
from  one  year  to  another,  with  the  intolerable  numbers  that  have 
been  added  in  two  out  of  four  seasons,  should  come  to  believe 
that  Providence  has  given  over  one  half  of  our  state  to  be  hence- 
forth the  perpetual  home  of  the  locust.  •  We  have  a  series  of 
occurrences  so  different  from  those  of  Missouri,  Kansas  and  Ne- 
braska, that  it  seems  hard  to  account  for  them  on  any  basis  of 
mere  accident  or  of  which  way  the  wind  happens  to  blow  when 
our  swarms  are  ready  to  migrate. 

The  winds  which  sweep  clean  away  the  hatching  swarms  of  the 
more  southern  states  carry  our  own  but  a  few  miles  from  their 
birth  place.     It  is  evident  that  they  are  not  detained  here  merely 


Digitized  by 


Google 


SURVEY  OP  MINNESOTA.  99 

l)y  abniidance  of  food,  for  the  swarms  of  Kansas  and  Missouri 
leave  behind  them  fields  as  rich  as  ours;  nor  by  force  of  winds,  for 
the  same  winds  that  bring  down  upon  us  invaders  born  hundreds 
of  miles  away,  and  carry  them  across  our  state  and  into  more 
southerly  regions,  might  also  carry  with  them  the  broods  of  our 
own  hatching.  I  believe  it  is  not  as  yet  fully  known  what  con- 
nection there  may  be  between  the  migrations  of  the  locust  and  its 
season  of  egg-laying,  but  it  seems  that  some  cause  for  the  fact 
that  portions  of  our  swarms  remain  here  to  breed  can  be  found 
in  an  early  stage  of  egg-laying.  Here  again  we  have  a  difference 
between  our  own  broods,  and  not  only  the  new  swarms  that  come  in 
upon  us  from  the  mountain  regions,  but  also  those  which  leave  the 
more  southerly  regions  and  fly  to  the  northwest  on  acquiring 
wings.  As  for  the  latter,  in  the  flight  from  the  Missouri  Valley 
northward  in  1875,  Prof.  Riley  was  able  to  learn  of  no  case  of 
their  depositing  eggs,  nor  were  the  hatching  grounds,  (outside  of 
Minnesota,)  of  last  spring  found  to  be  anywhere  in  the  vicinity 
of  those  of  1875  ;  as  for  the  swarms  that  have  descended  upon  us 
during  the  sunjmer,  I  have  not  been  able  to  learn  of  any  deposit 
of  eggs  whatever  in  any  of  their  stopping  places  on  their  way 
toward  this  state,  and  even  on  arriving  here  it  was  evident  in 
most  cases  that  they  had  not  yet  reached  the  season  of  egg-laying. 
Between  t]\e  17th  and  the  31st  of  July  there  was  a  gradual  move- 
ment, apparently  of  new-comers,  across  the  state  towards  Iowa, 
and  the  egg-laying  did  not  become  general  until  about  the  latter 
date.  Between  the  first  and  sixth  of  August  other  swarms  came 
in,  and  these  again  in  most  cases  did  not  begin  to  lay  until  a 
week  or  more  after  their  arrival.  Still  others  came  in  later,  and 
the  laying  was  kept  up  until  late  in  September  and  was  seen  to 
occur  in  October,  or  as  long  as  the  locust  remained  alive.  On 
the  other  hand  our  own  stock  were  seen  in  1875  to  be  laying 
within  eight  days  after  their  flight  commenced  and  in  the  places 
where  they  first  alighted,  and  during  the  past  season  the  laying 
had  already  begun  on  the  third  of  July  and  by  the  tenth  had 
become  general  in  the  western  part  of  Nicollet  county,  within  a 
few  miles  from  their  hatching-ground,  and  within  two  weeks 
from  the  time  when  the  flying  began.  This  early  period  of  lay- 
ing may  be  of  itself  a  sufficient  cause  for  portions  of  our  swarms 
remaining  here,  while  the  less  mature  pass  on. 

NATURAL  DECREASE   FROM  ONE  YEAR  TO   ANOTHER. 

Bat  though  portions  remain,  there  is  no  increase  in  their  num- 
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bers  from  one  year  to  another.  So  far  from  holding  its  own,  the 
locust  has  seen  its  breeding  grounds  decrease  from  nearly  fourteen 
counties  in  1873,  to  some  seven  and  a  half  counties  in  1874,  and 
about  five  and  a  half  counties  in  1875;  and  in  this  latter  area 
though  able  to  inflict  serious  damage  in  many  places  (owing  chiefly 
to  the  small  acreage  planted)  they  were  in  other  places  noticeably 
fewer  than  in  former  years. 

This  continuous  decrease  has  resulted  from  several  causes,  and 
the  first  of  these  is  the  early  stage  of  laying  just  alluded  to,'  by 
means  of  which  consideral?le  numbers  of  locusts  have  hatched 
out  during  the  last  two  autumns,  and  have  died  without  repro- 
ducing themselves.  In  this  connection,  the  state  of  Minnesota 
has  an  advantage  over  more  southerly  regions,  in  the  fact  that  we 
are  situated  nearer  to  the  breeding-grounds  of  invading  swarms. 
Of  these  the  earlier  comers  are  more  likely  to  pass  over  us  before 
reaching  the  full  period  of  their  development,  while  the  later 
comers  are  cut  off  by  our  earlier  frosts;  and  of  the  eggs  which  are 
left  with  us,  being  deposited  earlier  in  the  season,  more  are  likely 
to  hatch  in  the  fall  and  become  harmless.  On  the  other  hand,  the 
invaders  are  more  likely  to  mass  their  forces  in  more  southerly 
states,  reach  them  in  full  maturity,  and  remain  later  in  the  sea- 
son, while  the  eggs,  being  deposited  later  than  ours,  remain  mostly 
unhatched  until  spring.  These  considerations  enable  us  to  under- 
stand why  certain  counties  in  Missouri,  where  the  locusts  hatched 
in  1875,  presented  in  May  such  a  picture  of  devastation  and  deso- 
lation as  Minnesota  has  never  seen  in  all  its  locust  experience. 

But  while  becoming  prematurely  developed,  (if  this  is  a  correct 
expression  of  the  facts  as  stated,)  the  locust  had  also  become 
sh6rter  lived.  One  year  ago,  there  was  hardly  such  a  thing  as  a 
Rocky  Mountain  locust  to  be  found  in  Minnesota  by  the  first  of 
September.  The  swarms  that  had  hatched  along  the  Minnesota 
River  in  the  spring,  and  had  alighted  but  a  few  miles  further  to  the 
south  in  July,  had  almost  totally  perished  in  August,  without 
extending  the  territory  of  their  occupation  more  than  the  width  of 
one  county  beyond  the  area  which  they  covered  on  alighting.  And 
in  this  connection  we  owe  more  to  the  Tachina  maggot  than  many 
are  willing  to  allow.  But  of  the  invading  swarms  of  the  present 
year,  though  large  numbers  of  the  bodies  of  the  dead  could  be 
found  in  the  fields  early  in  September,  (something  unusual,  from 
the  fact  that  heretofore  they  have  hardly  ever  been  found  at  all,) 
large  numbers  remained  alive  until  they  were  killed  by  frost,  and 
even  then  died  with  eggs  unlaid. 

Still  another  effect  of  naturalization  during  the  last  four  years 
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is  an  apparent  change  in  character,  slight  in  itself,  but  showing 
what  the  tendency  would  be  if  the  locust  were  to  continue  to  breed 
here.  While  it  has  lost  some  portion  of  its  inclination  or  its  abilit}^ 
to  migrate,  it  has  also  lost  somewhat  of  its  gregarious  character. 
This  was  shown  by  the  young  locusts  last  spring,  moving  over  the 
fields  in  scattered  bodies,  or  in  no  bodies  at  all,  a  peculiarity  so 
noticeable  as  to  attract  the  attention  of  the  farmers  ;  by  the  move- 
ments of  the  swarms  on  leaving  their  hatching-grounds,  in  small 
squads  and  in  various  directions  ;  and  by  the  fact  that  where  they 
alighted  first  they  left  their  eggs  promiscuously  here  and  there  in 
the  grain  fields,  instead  of  in  bodies  and  in  selected  spots  as  here- 
tofore. There  was  no  general  flying  from  their  hatching-ground 
in  large  bodies,  mostly  in  one  direction,  as  was  the  case  in  1874 
and  1875.  By  the  last  week  in  June  they  began  to  leave  some 
places  so  imperceptibly  that  their  departure  could  hardly  be  seen, 
though  their  numbers  were  noticeably  diminished.  For  the  first 
ten  days  of  July,  small  squads  went  careering  up  and  down,  south 
of  the  Minnesota  river,  and  wherever  there  was  anything  like  a 
movement  of  large  bodies  they  seem  to  have  left  the  state  to  the 
northwest,  west,  and  southwest.  In  the  meantime,  others  had 
spread  themselves  northward  towards  the  North  Pacific  Railroad, 
and  had  alighted  here  and  there  in  numbers  sufficient  to  do  con- 
siderable damage.  But,  judging  from  the  occurrences  up  to  the 
10th  of  July,  had  it  not  been  for  new-comers,  next  year  would 
have  seen  the  insects  so  few  and  so  scattered  as  to  be  incapable  of 
great  damage,  and  they  might  become,  in  a  year  or  two,  as  flitting 
and  as  unnoticeable  as  the  Red- Legged  Locust  that  breeds  with  us 
every  year. 

Probably  this  is  all  that  can  be  made  of  the  "  degeneration"  of 
the  locust  so  far  as  observed  in  Minnesota.  It  had  not  become  so 
impaired  in  strength  nor  so  diminished  in  numbers  as  not  to  prove 
a  serious  evil  wherever  it  alighted  or  laid  eggs.  It  was  however 
decreasing  in  numbers,  and  gradually  becoming  less  capable  of 
reproducing  itself.  Something  might  perhaps  be  added  in  regard 
to  changes  in  color  and  appearance;  while  the  locusts  which  hatched 
in  Minnesota  last  spring  had  when  fully  developed  something  of 
the  darkness  and  dullness  of  old  age,  the  brightness  and  fierce- 
ness of  the  fresh  invaders  was  apparent  to  every  one. 

The  facts  stated  show  the  general  tendency,  but  there  is  a  more 
vital  question  than  the  tendency  of  the  locust  to  degenerate  here. 
How  long  the  state  will  continue  to  be  one  of  the  breeding- 
grounds  of  the  locust,  is  simply  how  long  new  hordes  will  continue 
to  sweep  over  us  and  leave  here  fresh  seeds  of  future  devastation. 
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Nothing  is  more  certain  than  that  we  might,  by  general  and. 
continued  effort,  practically  eradicate  the  offspring  of  almost  any- 
one year's  invasion;  nothing  is  more  probable  than  that  in  almost 
any  season,  the  whole  body  of  our  hatching  swarms  might  be 
utterly  swept  aw^y  from  our  midst  by  favorable  winds;  and  finally, 
if  we  may  judge  from  the  last  four  years,  our  breeding-swarma 
would  decrease  gradually  from  one  year  to  another,  and  if  not 
reinforced  from  abroad  would  finally  become  so  few  and  so  scat- 
tered as  to  be  harmless. 

ANNUAL  DBPABTUBB  OP  THE  LOCUSTS. 

Besides  the  causes  of  decrease  already  mentioned,  still  ^another  has 
been  found  in  the  impulse  which  moves  the  locust  to  leave  its  birth- 
place on  acquiring  wings.  The  considerable  numbers  that  have 
remained  behind  each  year,  have  created  the  impression  that  none 
were  gone,  and  that  the  locust  had  become  a  permanent  appendage 
of  the  state.  But  a  collection  of  various  items  for  the  last  three 
years,  together  with  letters  received  from  the  eastern  tier  of 
counties  in  Dakota,  shows  that  considerable  numbers  have  left  the 
state,  generally  to  the  northwest  in  1874,  and  in  various  directions 
during  the  past  summer.  But,  with  Dogberry,  we  have  been 
content  to  ^Hake  no  nofce  of  him,  but  let  him  go,  and  thank  God 
we  were  rid  of  a  knave."  It  is  only  within  the  last  year  or  two- 
that  it  has  become  fully  apparent  that  the  final  destination  of 
these  departing  swarms  is  an  important  consideration,  and  o^e 
which  serves  to  cdmplicate  the  locust  question  more  deeply  than 
ever. 

Whether  or  not  it  is  a  general  rule  that  the  locusts  on  acquiring^ 
wings  seek  the  direction  from  which  their  parents  had  come  in  the 
preceding  year,  (a  rule  which  the  experience  of  Minnesota  fails  to 
substantiate,)  it  is  at  least  certain  that  in  1875  '^the  main  direc- 
tion taken  by  the  insects  that  rose  from  the  lower  Missouri  valley 
country  was  northwesterly."  (Riley's  8th  Ann.  Report,  p.  105.> 
These  swarms  were  traced  by  Prof.  Riley,  moving  northerly  from 
the  end  of  May,  through  June  and  into  July,  and  passing  various 
points  in  Dakota,  Wyoming  and  Montana.* 


*  He  adds  (page  108)  '*  nor  cao  I  learn  of  any  instance  where  these  swarms 
that  left  oar  territory  deposited  eggs.**  The  different  case  of  oar  own  breed 
of  locasts,  laying  eggs  within  two  weeks  after  the  flying  commences,  is  re- 
markable. Bat  I  am  informed  by  Captain  J.  S.  Poland,  commanding  at 
Standing  Rock,  that  a  swarm  fh)m  the  sooth  alighted  near  that  post,  Jul^r 
4th,  1875,  and  deposited  considerable  quantities  of  eggs  between  the  4th  and 
thelSthof  Joly. 
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They  passed  northward  over  Bismarck  at  various  times  between 
June  6th  and  July  16th.  (Same  report,  p,  86.)  But  a  still  more 
definite  statement  as  to  the  final  destination  of  these  northward 
moving  swarms  is  found  in  an  editorial  of  the  Winnipeg  Stand' 
ardy  of  August  19,  1876,  entitled  "  Locust  Flights."  It  is  there 
stated  that  in  1875, 

*<  The  locusts  which  hatched  in  Missouri,  Kansas  and  Nebraska,  in  an  area 
of  250  miles  fk*om  east  to  west,  and  800  miles  from  north  to  south,  took  flight 
in  June,  and  invariably  went  northwest,  and  fell  in  innumerable  swarms 
upon  the  regions  of  British  America,  adjoining  Forts  Pelly,  Carlton  and  £1- 
lice,  covering  an  area  as  large  as  that  they  vacated  on  the  Missouri  River. 
They  were  reinforced  by  the  retiring  column  from  Manitoba,  and  it  seemed 
to  be  hoping  against  hope  that  the  new  swarms  of  1876  would  not  again  de- 
scend upon  the  settlements  in  the  Red  River  valley.  Intelligence  was  re- 
ceived here  that  the  insects  too^  flight  Trom  the  vicinity  of  Fort  Pelly  on 
the  10th  of  July,  and  then  followed  a  fortnight  of  intense  suspense.*' 

There  is  of  course  in  all  this  a  failure  to  connect  by  any  direct 
chain  of  continued  observations  the  swarms  that  left  the  Mississippi 
valley  in  1875  and  those  which  finally  disappeared  in  the  region 
of  the  mountains  and  in  British  America;  still  less  is  it  shown 
that  those  swarms  were  the  parents  of  those  which  are  known  to 
have  hatched  in  the  same  regions  in  1876,  or  even  that  those 
which  are  known  to  have  hatched  there  were  those  which  descended 
upon  the  lower  country  in  July  and  August.  But  there  is  at 
least  a  strong  series  of  probabilities. 

A  great  deal  has  been  said  within  the  past  two  years  about  the 
practical  help  which  the  general  government  may  perhaps  find 
itself  able  to  extend  to  the  people  of  the  Mississippi  valley  by 
attacking  the  locust  in  its  native  breeding-places,  and  it  has  been 
considered  possible  that  some  means  might  eventually  be  discovered 
of  preventing  or  at  least  jnitigating  such  inroads  as  that  which 
has  just  ended.  But  if  the  events  of  1875  and  1876  have  any  such 
connection  as'is  claimed  for  them  in  the  precedilig  paragraph,  if 
the  more  northern  and  western  breeding-grounds  of  the  locust 
are  recruited  from  the  lower  cultivated  regions  in  alternate  years,^ 
the  problem  of  how  to  give  practical  help  to  the  farmer  will  be 
greatly  simplified.  It  would  be  hard  to  imagine  a  method  of  ex- 
tirpating the  swarms  or  the  eggs  of  a  hurrying  insect  from  an 
extended  area,  or  perhaps  several  such  areas,  of  mountains  and  des- 
erts, the  resort  of  wild  beasts  and  savages,  where  only  armed  bands 
can  maintain  a  foothold;  and  on  the  other  hand  it  would  be  hard 
for  the  government  to  find  a  time  better  fitted  to  begin  the  exter- 
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mination  of  the  locust  than  when  the  mountain  region  must  be 
measurably  depleted  of  its  stock,  nor  a  place  better  situated  for  the 
warfare  than  a  region  where,  with  any  fair  assurance  of  conquer- 
ing a  peace,  every  inhabitant  stands  ready  to  do  battle. 

STARTING  POINTS  OF  INVADING  SWARMS  IN  1876. 

Besides  the  region  named  in  the  article  above  quoted  from  the 

Winnipeg  Standard^  various  parts  of  Montana  are  known  to  have 

been  considerable  hatching-grounds  during  the  past  spring.     In  the 

Bismarck  Tribune  of  June  14th  is  found  the  following,  which  is 

quoted  because  it  gives  an  idea  not  only  of  the  place  but  of  the 

nature  of  a  breeding-ground : 

« 
*'  Ik  the  Fibu>,  nbab  Rosebud  Buttbs,  May  29,  1876. 

<'  As  we  move  westward  the  grazing  improves,  and  here  in  the  Little 
Missouri  Valley  the  season  is  at  least  a  month  in  advance  of  the  season  on 
the  Missouri.  This  would  be  a  splendid  grazing  region,  were  the  water 
good.  The  grass  is  heavy  and  nutritious,  but  the  water  is  strongly  im- 
pregnated with  alkali.  Millions  of  locusts  are  just  now  malclng  their 
appearance  in  this  region.  Too  young  to  fly  or  do  much  harm,  in  a  few 
days,  should  the  winds  favor  them,  they  will  sweep  down  upon  the  defence- 
less agriculturalists  on  the  border,  doing  untold  damage." 

OflBcers  who  passed  over  the  country  between  the  Little  Missouri 
and  the  Yellowstone  rivers  during  the  spring,  state  that  at  various 
points  in  that  region  young  locusts  were  fotind  in  immense  num- 
bers. Shortly  before  the  23d  of  July,  migrating  swarms  of  locusts 
appeared  in  the  vicinity  of  Gen.  Crooks'  camp;  "myriads  of 
grasshoppers  filled  the  air,  appearing  like  an  immense  drifting 
snow-storm,  trending  toward  the  southeast,  and  apparently  taking 
advantage  of  a  northwest  wind  to  favor  their  flight  to  the  same 
fields  that  they  have  effectually  devastated  for  two  consecutive 
seasons."  (Extract  from  a  letter  of  July  23d,  quoted  in  the 
Pioneer- Press  and  Tribune.) 

MOVEMENTS  OF  SWARMS  OUTSIDE  OF  MINNESOTA. 

It  is  difficult  to  show  any  eastward  movement  across  Dakota  of 
these  swarms  that  hatched  in  Montana.  At  Standing  Rock,  the 
movement  was  from  the  north.  On  the  19th  of  July,  quite  a  large 
number  were  observed  coming  from  the  north,  and  by  the  26th 
had  about  all  disappeared  from  the  vicinity  of  that  station.  Capt. 
Poland  states  that  the  main  body  appeared  to  pass  to  the  west  of 
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that  station,  moving  feouth.  No  eggs  were  laid  at  Standing  Rock, 
or  in  the  immediate  region.  At  Fort  Sully,  as  shown  by  the 
records  of  the  Signal  Observer,  the  locusts  appeared  at  various 
dates  from  the  14th  to  the  30th  of  July,  and  again  from  the  10th 
of  August  till  September  2d  ;  but  whenever  the  direction  of  their 
flight  is  given,  it  is  to  the  northwest.  No  eggs  were  known  to  be 
deposited  there.  At  Lower  Brule  Agency,  on  the  29th  of  July,  an 
immense  swarm  alighted  from  a  westerly  direction,  and  flew  again 
to  the  northwest,  after  remaining  five  days.  At  different  times 
during  the  month  of  August,  small  swarms,  coming  from  a  westerly 
direction,  alighted  and  died  there.  No  eggs  deposited.  At  Yank- 
ton, the  course  was  geq^rally  south,  through  the  flying-season. 

It  is  probable  that  both  in  1874  and  1876  the  swarms  that  came 
into  this  state,  at  least  in  the  earlier  part  of  the  season,  were 
hatched  in  or  near  British  America.  This  is  to  be  inferred  from 
the  direction  of  their  coming,  the  fact  that  we  know  of  extensive 
hatching-grounds  in  British  America  in  both  these  years,  and  that 
we  know  of  no  nearer  hatching-ground.  There  is  here  also  a 
failure  to  connect  Minnesota  with  any  known  breeding-place  by 
any  continuous  observations.  But  it  is  known  at  least  that  at 
Bismarck  swarms  passed  south  at  various  times  during  July,  1876. 
At  Jamestown,  (on  the  N.  P.  Ry.,  east  of  Bismarck,)  a  large  swarm 
coming  from  the  northwest  on  the  12th  of  July,  dropped  and 
remained  until  the  24th  when  they  lefb,  going  south.  On  the  14th 
of  August  a  very  large  swarm  passed  over  southward  without  alight- 
ing. At  Worthington,  D.  T.,  (still  farther  east,  on  the  Northern 
Pacific  Railroad,)  the  first  flight  appeared  from  the  south  on 
the  25th  of  June,  stayed  about  24  hours  and  on  a  change  of  wind 
went  south.  For  the  next  six  weeks  locusts  passed  over  that 
station  in  various  directions. 

At  Fort  Totten,  *^  in  the  summer  of  1875,  grasshoppers  hatched  in  the 
vicinity  of  the  post,  took  wing  in  June,  and  left  in  the  beginning  of  July. 
In  1876,  there  was  no  hatching,  but  they  came  and  departed  without  doing 
material  damage.  They  always  go  and  come  with  the  wind.  They  came 
about  the  middle  of  July,  and  left  in  about  four  days  *,  came  again  two  weeks 
afterwards  and  left  without  depositing  any  eggs.  Swarms  generally  came 
Arom  the  northwest.  They  often  pass  over  in  large  numbers  without  doing 
damage."  L.  C.  Hunt, 

Lieut.  Col.  20th  Inf. 

EKTRAKCB  OF  IKVADING  8WABMS. 

The  i:ate  at  which  swarms  have  been  pouring  into  the  state  du- 
14 
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ring  the  Buminer,  may  be  judged  from  notes  taken  at  points  along 
the  western  line  of  the  state  of  Minnesota,  and  from  the  eastern 
tier  of  counties  in  Dakota.  I  give  them  in  regular  succession, 
from  Pembina  southward: 

Pembina,  D.  T.,  Aog.  81,  1876.— '<  No  locusts  hatched  near  here,  and  no 
eggs  now  deposited.*'— W.  R.  Goodfellow. 

Jnly  8.—**  Grasshoppers  first  observed  to-day.  They  conld  scarcely  be 
seen  with  the  naked  eye,  bat  by  nslog  colored  eye-glasses  they  were  made 
plainly  visible.  They  were  in  great  numbers,  flying  very  high,  far  above 
cumnlQS  clonds,  and  in  a  northeasterly  direction." 

Jnly,  9.—'*  Grasshoppers  flying  northeast. 

July  11.— '<  Grasshoppers,  flying  high,  and  moving  southeast,  were  ob- 
served in  great  numbers.** 

July  12.— *<  Grasshoppers  still  appear  moving  south-southeast,  flying  very 
high;  can  scarcely  be  seen  with  the  naked  eye.'* 

July  18.—**  Grasshoppers  still  continue  to  be  seen  moving  south  by  east." 

July  17.— •*  Grasshoppers  noted  to-day,  moving  southeast,  in  greater 
numbers  than  heretofore,  and  flying  considerably  lower.  None  have  as  yet 
alighted." 

July  20.—*'  Grasshoppers  continue  to  fly  over  this  place,  moving  from  the 
northwest."— Records  oj  the  Signal  Observer,  J.  Kabernagle. 

Grand  Forks,  Grand  Forks  county,  D.  T.  (nearly  opposite  Crookston) 
Aug.  28,  1876.—**  A  few  locusts  were  hatched  here  and  flew  to  the  southeast 
early  in  Jnly. 

**  A  few  lit  on  the  9th  of  July.  They  came  from  the  north  before  alight* 
ing,  baton  the  8th  the  same  grasshoppers  flew  north  and  returned  next  day, 
a  few  alighting,  and  all  left  on  the  10th,  without  doing  any  injury— direction 
southeast. 

**  From  the  10th,  all  through  the  month  of  July,  when  the  weather  was  fine 
and  clear,  and  the  wind  from  the  north  or  northwest,  more  or  less  of  them 
flew  over,  moving  in  a  southerly  or  southeasterly  direction.  But  in  no  in- 
stance have  I  seen  very  heavy  clouds  of  them  until  the  4th  and  5th  of 
August,  when  I  was  oat  on  the  head  waters  of  the  Turtle  and  Big  Sault, 
flrom  thirty-flve  to  forty  miles  west  and  northwest  of  this  place,  I  saw  them 
moving  in  a  southeasterly  direction,  in  thicker  and  heavier  clouds  than  I 
ever  before  saw  grasshoppers  flying.  On  the  evening  of  the  5th  it  rained, 
and  a  considerable  portion  of  them  fell,  and  rose  next  day,  moving  in  the 
same  direction  as  before.  And,  strange  to  say,  they  rose  without  much 
sunshine,  as  the  day  was  cloudy,  and  the  sun  showed  itself  only  at  inter* 
vals,  and  that  for  a  few  minutes  at  a  time.  I  never  saw  them  move  before 
except  upon  a  clear,  sunshiny  day,  with  a  wind  ftivorable  to  the  direction  in 
which  they  wanted  to  move.    None  lit  near  the  Red  River  at  this  time. 

**  I  do  not  think  that  any  eggs  have  been  laid  here  by  those  alighting  in  July, 
nor  by  those  alighting  on  the  5ih  of  August,  west  of  here  thlrty-flve  or  forty 
miles."- Hector  Bruce. 
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Crookstou,  Polk  Co.,  Minn.,  Sept.  2, 1876.~*<On  July  10th  and  11th,  swarms 
of  ^hoppers  came  Arom  the  southwest,  and  lit  at  Crookston  and  vicinity, 
remaining  two  and  a  half  days,  and  without  doing  any  damage  worth  notic- 
ing; they  were  pairing.  They  got  np  on  the  third  day,  and  went  northeast. 
Three  days  later,  a  large  swarm  passed  over  os,  going  east  of  southeast, 
coming  f^om  the  north.  July  81st,  a  few  lit  here  ftom  the  west,  but  doing 
no  damage.  August  10th,  a  few  straggling  ones  came  from  the  north,  until 
August  15th,  when  they  disappeared,  going  south." — Ross  and  Walsh. 

Caledonia,  Traill  Co.,  D.  T.,  (a  few  miles  south  of  Crookston,)  Aug.  80th, 
1876.— *<  No  locusts  hatched  here  in  the  spring,  nor  were  any  eggs  deposited 
They  began  to  fly  over  about  July  5th,  generally  going  south  or  southwest, 
and  for  ten  days  there  was  hardly  a  day  but  what  we  could  see  some  flying, 
most  always  going  south.*'^Ara  Sargeant. 

Fargo,  Cass  county,  D.  T.,  Aug.  81,  1876.— **  A  few  locusts  were  hatched 
here,  and  flew  northeast  on  acquiring  wings.  A  large  swarm  alighted  on 
the  18th,  and  remained  two  days,  without  doing  much  damage.  During  the 
last  half  of  July,  and  until  August  5th,  extensive  swarms  were  passing  over  ■ 
this' county.  Their  destination  was  determined  by  the  direction  of  the  wind, 
either  northwest  or  southeast. 

*<  I  cannot  learn  that  any  eggs  have  been  laid  here  this  season." — A.  J. 
Harwood. 

Breckenridge,  Minn.,  Sept.  27,  1876.—**  Grasshoppers  hatched  here  firom 
May  28d  onward. 

June  27. — '*  First  seen  flying  to-day,  few  in  numbers,  going  with  the  wind, 
ftrom  northwest  to  southeast,  between  11  ▲.  m.  and  2  p.  m. 

July  4.—*' Flying  in  great  numbers  this  forenoon  from  9  to  11 :80,  going 
from  the  north  with  the  wind. 

July  11.— **  Hoppers  coming  down  in  swarms  this  forenoon^  and  flying 
from  the  north. 

Joly  12.— <*  Hoppers  left  to-day,  going  south,  as  there  was  a  strong  wind 
blowing  fVom  the  north  all  day. 

July  19. — <*  Hoppers  flying  from  the  northwest  to-day,  in  millions.  Seen 
first  about  9  4.  m.,  and  kept  going  until  sundown ;  largest  swarm  seen  yet, 
and  looked  like  a  great  drift  of  snow. 

July  22.—'*  A  few  hoppers  seen  to-day,  flying  between  10  ▲.  m.  and  8  p. 
M.,  Arom  the  north,  slowly. 

July  28.— **  Hoppers  flying  fh)m9  a.  m.  to  5  p.  m  ,  from  the  north  and 
northeast,  but  not  in  great  numbers  as  on  other  days,  none  of  them  coming 
down. 

July  24.—  **  Hoppers  returning  to-day,  coming  from  the  southeast,  flying 
with  the  wind ;  began  moving  about  10  a.  m.  and  till  4  p.  m.  None  came 
down. 

Aug.  1. — **  Hoppers  have  appeared  again  in  millions,  coming  flrom  the 
north;  are  destroying  the  crop  in  Minnesota  and  Dakota.  But  few  of  them 
are  rlsiog  to-day,  as  the  weather  is  cloudy. 
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Aug.  8.— "Hoppers  still  remain,  and  are  destroying  everytlrtng,  crop, 
vegetables  and  grass.  A  few  seen  flying  during  the  entire  day,  flrom  the 
southeast.  ' 

Aug.  6.~<*  Hoppers  began  to  leave  about  10  a.  m.,  going  southwest ;  wind 
very  light,  and  from  the  west.    First  seen  depositing  eggs  to-day. 

Aug.  7,  9,  10,  and  12.—"  Hoppers  seen  flying  In  small  numbers  from  the 
southeast;  still  remain  here,  depositing  eggs."— From  the  Records  of  the 
Signal  Observer,  M.  L.  Heame,  M.  D. 

Wahpeton,  Richland  Co.,  D.  T.,  (opposite  Brecfcenridge,)  Aug.  80, 1876.— 
"A  few  locusts  hatched  here;  so  few  that  the  dates  of  their  hatching  or 
departure  was  unnoticed.  Eggs  were  laid  only  in  scattering  spots,  after 
August  1st.  They  left  before  the  egg-laying  was  flnished."— D.  Wilmot 
Smith. 

Sisseton  Agency,  D.  T.,  (opposite  Big  Stone  Co.,  Minn.,)  Aug.  12,  1876.— 
"  In  the  upper  portions  of  the  Reservation,  twenty-flve  miles  north  of  the 
Agency,  a  small  quantity  of  grasshoppers  were  hatched,  in  the  latter  part  of 
May,  and  destroyed  several  grain  flelds  and  gardens.  At  different  times  in 
the  month  of  July,  we  saw  them  flying  over,  sometimes  in  large  numbers. 
Only  a  few  straggling  ones  came  down.  The  direction  has  generally  been 
from  a  point  south  of  southwest. 

"  On  Sabbath,  the  80th  of  July,  we  had  a  visitation  all  over  the  Reserve. 
They  came  down  like  snowflakes  in  winter,  and  covered  the  earth.  Garden 
vegetables,  especially  beans  and  onions,  were  eaten  up  to  the  roots.  Corn 
was  pretty  much  destroyed,  and  potatoes  and  oats  were  very  much  damaged. 
Tbo  wheat  was  generally  ripe,  and  but  little  eaten.  They  commenced  leav- 
ing about  twenty-four  hours  after  they  came,  but  it  was  the  last  of  the  week 
before  we  were  free  ftx)m  them.  They  left  on  the  same  line  on  which  they 
came,  going  towards  the  northeast  or  east  of  northeast.  They  were  prob- 
ably the  same  that  have  lately  visited  Herman  and  Morris,  on  the  St  Paul  & 
Pacific  Railroad.  I  understand  they  were  quite  as  thick  to  the  west  of  us, 
twenty  miles,  as  here."— Rev.  S.  R.  Rlggs. 

[These  swarms  appear  to  have  reached  Ortonville,  Big  Stone 
county,  about  the  first,  Herman  on  the  third,  and  Morris  on  tlie 
fifth  of  August.  They  came  eastward  from  the  James  river.  The 
settlers  along  the  James  river  state  that  no  locusts  were  hatched 
there,  and  that  all  that  appeared  there  during  the  season  came 
from  the  northwest.] 

Gabt.  Dbusl  Co..  D.  T.,  (Opposite  YeUow  Medicine  Co.,  Minn.)  Dec.  8th, 
1876.    ^*  No  locusts  were  hatchedjn  this  county  last  spring.    The  first  flying 
swarm  appeared  in  the  latter  part  of  June,  flying  northwest  and  did  no 
alight.    July  20  a  very  large  swarm  came  Arom  the  southwest  and  went 
northeast ;  a  few  stopped  and  remained  about  24  hours. 
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**  Angast  15,  they  flew  very  thick,  the  largest  swarm  I  ever  saw.  They 
came  Arom  the  northwest  and  flew  southeast.  This  swarm,  as  near  as  I  can 
learn,  was  about  20  miles  wide.  [This  probably  flirnished  a  portion  of  the 
swarms  which  reached  Le  Sueur,  Mankato,  and  other  points  to  the  east 
and  southeast  on  the  18th  of  August.]  August  19th  a  swarm  flew  from 
north  to  south.  August  24th  a  small  swarm  passed  from  northwest  to 
southeast  ;  and  again  in  the  same  direction  on  the  the  80th  of  August.  On 
September  4th,  5th,  7th,  and  9th  small  and  scattering  squads  flew  over  to 
tlie  southeast."--H.  H.  Herrlck. 

Medary,  Brookings  Co.,  D.  T.,  (opposite  Lincoln  Co.,  Minn.,)  August  80, 
1876.—* 'The  hoppers  hatched  last  spring  in  this  county  and  the  northern 
half  of  Moody  county.  These  became  fully  developed  Arom  the  25th  of 
June  to  July  1st,  and  on  the  days  between  those  dates  they  left  in  great 
clouds.  The  favorable  winds  for  them  seemed  to  be  from  north,  northwest 
or  northeast.    They  seemed  inclined  to  go  southwest. 

"From  July  1st  until  now  the  hoppers  have  been  seen  flying  overhead  nearly 
every  day,  moving  with  the  wind,  most  numerous  always  with  northerly 
wind.  These  alighted  only  once  or  twice  in{July,  but  only  in  small  numbers, 
and  remained  only  a  short  time. 

**0n  Saturday,  July  22d,  very  dense  clouds  passed  over,  (some  so  low  as 
almost  to  darken  the  atmosphere,)  with  a  northeast  wind.  They  were 
going  west.  I  have  since  learned  that  they  rose  from  Minnesota,  from  the 
State  line  eastward. 

**0n  Saturday,  August  5th,  very  great  swarms  passed  Arom  west  to  east. 
At  that  time  many  alighted  on  the  prairies,  but  not  many  in  the  settlement. 
The  next  morning,  Sunday,  I  drove  ftom  Medary  to  Oakwood,  about  18 
miles  north,  and  when  about  half  way,  I  could  see,  for  a  distance  of  thirty 
miles  up  and  down  the  valley  of  the  river,  dense  clouds  of  hoppers  rising. 
I  have  since  learned  that  they  extended  more  than  40  miles  south  of  here, 
and  I  know  more  than  20  miles  north,  making  a  belt  more  than  sixty  miles 
wide. 

*' These  I  note  as  remarkable  displays  of  hoppers.  They  could  be  seen 
every  day,  in  what,  i^ny  reasonable  man  would  call  sufficient  numbers.  No 
eggs  were  laid  In  this  county  so  far  as  heard  flrom."— Rev.  G.  S.  Codington. 

Flandrau,  Moody  county,  D.  T.  (opposite  Pipestone  county,  Minn.)  Sept. 
12, 1876.—'*  A  few  hoppers  hatched  here,  but  did  little  dama^ice,  and  flew  to 
the  south  and  southwest  with  the  army  which  came  over  In  July. 

"The  first  flying  over  came  about  the  21.st  of  July,  from  a  northeast 
course,  and  that  was  the  time  they  visited  our  crops  and  made  a  general 
raid.  Since  that  time  to  the  first  of  September,  they  have  been  fiying  more 
or  less,  but  have  done  no  great  harm. 

August  6.—"  They  passed  over  in  large  swarms  to  the  southeast.  These 
did  us  little  harm.  They  have  laid  eggs  to  a  limited  extent  in  our  conn- 
ty."-M.  D.  L.  Pettlgrew. 


Digitized  by 


Google 


110  GEOLOGICAL  AND  NATQBAL  HISTORY 

It  will  be  seen  from  this  that  swarms  from  some  source  or  other 
began  to  cross  the  state  line  to  the  eastward  on  July  8th,  at  Pem- 
bina, and  that,  as  a  general  rule,  the  date  of  arrival  of  large 
swarms  becomes  later  in  the  season  the  farther  southward  the 
point  of  arrival  moves.  And  all  these  are  only  the  incomings  of 
swarms  noticed  at  prominent  points  on  the  border;  how  many 
more  have  crossed  or  recrossed  at  other  places  where  there  was  no 
one  to  report  theix  comings,  can  only  be  guessed  at  from  the  im- 
mense clouds  that  have  rolled  over  the  state,  passing  and  repassing 
each  other  to  the  south  and  east,  from  the  20th  of  July  to  the  first 
week  of  September.  At  least  one  large  swarm,  in  addition  to 
those  already  recorded,  must  have  entered  somewhere  to  the  north- 
west of  Douglas  county,  shortly  before  the  18th  of  August.  But 
whatever  form  or  continuity  these  bodies  may  have  had  before 
reaching  the  state,  it  was  soon  lost  after  their  arrival.  It  is  not 
easy  to  trace  them,  even  from  one  county  to  another,  as  they 
passed  over  ground  already  occupied  by  earlier  comers.  All  we  can 
say  is,  that  there  were  extensive  movements  in  certain  directions, 
on  certain  days. 

MOVEMENT  OP  SWARMS  WITHIN  THE   STATE. 

The  movement  of  the  various  swarms  of  our  own  hatching 
early  in  the  season  has  been  already  given.  By  the  10th  of  July 
the  counties  to  the  south  of  the  Minnesota  river  were  generally 
free  from  locusts,  and  had  begun  to  congratulate  themselves  on 
their  delivery.  Between  the  10th  and  the  20th  the  locusts  had 
begun  t(/ increase  largely  in  numbers  in  the  northern  counties,  but 
the  fact  that  additions  had  already  begun  from  abroad  was  not 
generally  known.  The  greater  portion  of  these  had  begun .  to 
move  southward  by  the  latter  date  and  passed  various  points 
between  Lac  qui  Parle  and  Madelia  on  or  soon  after  July  20th. 
They  passed  gradually  along  over  the  counties  that  had  been, 
injured  during  the  spring  by  our  own  stock,  and  by  the  first  of 
August  had /reached  the  southern  line  of  the  state  and  many  had 
passed  on  into  Iowa.  As  they  moved  along,  portions  remained 
behind  here  and  there,  but  there  was  no  extensive  deposit  oF 
eggs  until  they  reached  the  southern  half  of  the  lower  range  of 
counties  in  the  state.  It  seems  probable  that  these  bodies  also 
brought  with  them  to  the  southward,  parts  of  our  own  hatching^ 
swarms  that  had  fiown  northward  early  in  the  month.  But 
by  the  twentieth  of  the  month  the  locusts  had  mostly  <  disap- 
peared from  along  the  lines  of  the  Saint  Paul  and  Pacific,  and 
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the  Saint  Paul  and  Sioux  City  Railroads,  and  there  were  congrat- 
ulations once  more  that  "the  hoppers  were  gone.'*  A  line 
showing  the  eastern  limit  of  their  raidd  at  this  date  would  pass, 
generally  speaking,  along  the  eastern  boundary  of  Todd  county, 
through  Steams,  Meeker,  the  eastern  part  of  McLeod,  through 
Sibley,  Nicollet,  and  the  northwest  corner  of  Blue  Earth,  and  in 
Martin  county  as  far  east  as  Fairmont. 

Between  the  end  of  July  and  the  sixth  of  August,  new  swarms 
had  been  collecting  in  Otter  Tail,  Orant,  Stevens,  and  Big  Stone 
counties,  and  in  some  of  the  eastern  counties  of  Dakota ;  and  on 
the  latter  date,  a  wind  from  the  northwest  gave  these  an  oppor- 
tunity they  had  apparently  been  waiting  for,  and  there  was  a 
general  flying  to  the  east  and  southeast,  over  a  large  portion  of 
the  western  half  of  the  state.    In  the  southwestern  counties, 
where  the  new-comers  could  be  traced  directly  back  to  Dakota, 
there  was  very  little  alighting,  and  they  mostly  passed  over  into 
northwestern  Iowa.     By  this  raid  of  the  sixth  of  August,  the 
area  of  visitation  was  extended  eastward  to  St.  Cloud,  into  Wright 
and  Le  Sueur  counties,  and  across  Blue  Earth  and  Martin  counties. 
After  the  sixth  of  August,  clear  weather  and  favorable  winds,  at 
various  dates,  carried  the  line  still  further  eastward,  as  on  the 
eleventh,  the  fourteenth,  and  especially  on  the   eighteenth  of 
August,   when  large  swarms  flew  over  Elk  River,  Monticello, 
Glencoe,  Shakopee,  Blakeley,  Belle  Plaine,  Le  Sueur,  Mankato, 
and  Blue  Earth  City,  and  one  flight  was  seen  as  far  east  as  Hast- 
ings.    During  the  week  ending  August  26th,  they  were  seen  flying 
over  or  alighting  at  various  times  in  Rice,  Waseca,  Steele,  Fari- 
bault and  Freeborn  counties,  and  are  said  to  have  appeared  over 
Rochester.    By  the  first  of  September  <  they  had  added  Waseca, 
Freeborn,  Carver,  and  portions  of  Hennepin,  Sherburne,  and  Ben- 
ton counties  to  the  ' 'grasshopper  regions,"  and  some  slight  addi- 
tions to  the  eastward  have  been  made  since  the  latter  date. 

The  comparatively  slow  rate  of  progress  to  the  eastward  through 
the  season  is  surprising,  considering  tiie  long  distances  which  the 
locust  is  supposed  to  travel,  and  the  impression  which  one  receives 
gx>m  seeing  a  swarm  passing  in  One  direction  through  an 
entire  day.  It  is  easy  to  imagine  that  such  flights  must  have 
come  immediately  from  British  America  or  Montana,  and  that 
they  liv^ill  shortly  reach  Wisconsin  and  Illinois.  But  the  locust, 
as  it  appears  in  our  state,  moves  (with  perhaps  rare  exceptions,) 
by  day  only  and  often  for  only  a  few  hours  in  the  day,  and  a  halt 
for  the  night  is  easily  prolonged  by  head  winds  or  cloudy  weather 
into  a  halt  for  several  days  ;  nor  do  the  swarms  move  continually 
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eastward,  although  the  line  of  encroachment  is  continually  mov- 
ing in  that  direction.  In  one  case  at  least,  a  body  that  had  moved 
easterly  over  a  county  on  the  24th  of  August,  returned  directly 
west  one  week  later.  (Freeborn  County  Standard^  editorial,  Aug. 
31,  1876.)  There  is  no  knowledge  that  any  swarm  has  (in  Minne- 
sota) reached  the  Mississippi  river  south  of  Hastings. 

But  the  general  direction  of  movement  since  the  twentieth  of 
July  has  been  to  the  southward  and  eastward.     The  experience  of 
the  summer  hafe  shown  that  the  Big  Woods  offer  no  impassible 
barrier.     Hitherto,  the  incoming  swarms  have  reached  about  as 
far  east  (but  not  in  great  numbers)  as  Lake  Washington,  in  Le 
Sueur  county,  longitude  16°  50'  (nearly)  west.    They  have  reached 
this  point  toward  the  end  of  August,  when  impaired  in  strength 
and  activity.     But  the  invasion  of  the  past  summer  has  been 
characterized  by  the  incoming  of  fresh  and  still  active  swarms 
late  in  August,  and  these  have  been  carried  by  winds  blowing 
freshly  from  the  west,  as  far  east  as  Mower  county,  longitude  16° 
west.     It  may  be  proved  in  future  that  the  eastern  limit  of  in- 
vasion is  determined  solely  by  the  extent  to  which  winds  prevail 
from  the  west,  together  with  the  length  of  the  season  during 
which  the  locust  retains  its  full  activity  and  strength.     The  con- 
nection between  the  movements  of  the  locust  and  the  prevailing 
direction  of  the  winds,  seems  likely  to  receive  more  attention  than 
has  hitherto  been  paid  to  it.     While  the  timbered  country  of  the 
northeastern  part  of  the  State  has  been  but  little  infested,  to  any 
great  distance  east  of  the  Mississippi,  it  may  be  said  that  that 
portion  of  the  state  does  not  lie  in  the  direct  line  of  invasions. 
There  is  nothing  to  show  that  swarms  purposely  turn  aside  from 
the  heavily  timbered  regions  and  go  elsewhere,  although  in  par- 
tially timbered  sections  they  alight  mostly  in  the  open  farms. 
But,  having  once  entered  the  timber,  their  progress  is  soon  ended, 
and  no  more  fortunate  destination  could  be  selected  for  our  depart- 
ing swarms  than  Northeastern  Minnesota.     Locusts  have  been 
quite  numerous  about  Brainerd  throughout  the  summer,  since 
early  in  July,  and  their  numbers  were  perceptibly  increased  on  the 
sixth  of  August,  apparently  brought  in  by  a  strong  wind  from  the 
southwest ;  but  these  evidently  found  their  progress  impeded  by 
the  timber,  for  they  did  not  extend  to  any  distsoice  east  of  Brainerd, 
along  the  Northern  Pacific  Railroad,  nor  did  they  lay  eggs  exten- 
sively about  Brainerd. 

The  connection  between  flying  movements  and  the  direction  of 
the  winds  may  be  shown  by  the  following  diary  kept  by  Lieut.  R. 
B.  Plotts,  of  Elk  township.  Nobles  county: 
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July  5«^*' Light  wind;  first  flight  came  from  the  northeast,  aod  com- 
menced to  settle  down  about  10  a.  m.  ;  attacked  gardens  first  of  all.  They 
remained  here  till  Sunday,  the  9th,  when  in  a  brisk  breeze  Arom  north-north- 
west, a  light  rain  the  night  before,  they  flew  A'om  early  in  the  morning  till 
after  sundown,  and  lit  heavily  sooth  of  me. 

Jaly  10.— **  Wind  southeast;  flew  heavily  to  the  west,  the  highest  appear- 
ing to  sheer  off  southwest.    Got  a  heavy  light  from  those  east  of  me. 

Jaly  18.^ *<  Late  in  the  afternoon  wind  suddenly  veered  to  northeast,  and 
they  started  immediately.    Nearly  all  left  me. 

Jaly  16.—"  Wind  north,  veering  to  the  east.    Not  a  very  heavy  flight  lo 
the  west. 
July  16.—"  Wind  south-southeast.    Still  going  west. 
July  17.—"  Wind  east,  trending  north,  showery.    Before  the  showers 
commenced,  could  be  seen  going  west.    That  ended  the  flrst  raid.    No  more 
flying  over  till 

Jaly  20.—"  Second  raid  came  in  on  a  west-northwest  wind,  and  lit  at 
Di^t. 
Jaly  22.—"  Wind  north-northeast,  heavy  flight,  and  coming  down  all  day. 
July  28.— "Wind  northeast,  haling  east.  Heavy  flight;  came  down  heavily, 
aad  covered  everything  nearly. 

July  24.— "Wind  varying  fh>m  north-northeast  to  east.  Coming  and  going 
all  day ;  some  commenced  laying  eggs,  which  was  kept  up  till  this  raid  all 
left  OS. 

July  27.—"  Wind  trom  north  and  east.  Heavy  flight,  and  most  of  them 
left  here. 

July  29.— "An  east  wind  took  all  this  raid  away,  the  upper  current  being 
to  the  southwest.    No  more  flights  until 

Aa£^.  6.— "Light  wind  flrom  northwest.  Another  heavy  raid  came  in. 
These  remained  till 

Aug.  10.— "When  wind  again  came  flrom  the  northwest,  and  it  rained.  As 
soon  as  the  shower  was  over  and  before  the  sun  shone  out,  the  hoppers 
started  in  heavy  flight 

Aug.  12.— "The  red  mites  were  flrst  noticed  doing  much  damage  to  the 

Aug,  18.— "Another  showery  day,  and  Immediately  after  the  rain  they 
started  south. 

Aug.  14.— "Wind  trom  north  and  north-northeast.  They  started  early  and 
before  the  sun  came  out,  although  it  was  quite  cool ;  about  all  of  this  raid 
left. 

Aug  16.— "Very  cloudy,  with  variable  winds.  Suddenly,  while  it  was  quite 
dark  with  clouds,  the  hoppers  jumped  up  and  flew  off  southwest ;  the  very 
ttrst  pnff  of  wind  trom  the  northeast,  and  they  all  left  here. 

An^  18.— "Wind  again  from  the  north.  A  very  heavy  flight  passed  over, 
hi^b  up  in  the  air.    None  alighted.    Red  mites  disappearing. 

Aa^.  28.— "Wind  hauling  to  westward,  and  some  few  stragglers  flew  as 
soath  as  they  could. 
15 
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Aug.  24.-^** Wind  northwest.  Grasshoppers  very  high  and  heavy  flight  to 
the  southwest. 

Aug.  25.— *'WInd  northwest     Heavy  flight  to  the  soathwest,  very  high. 

Aug.  81.— '^Showery  for  several  days  before;  wind  sn^ldenly  north-north- 
west, and  by  10  ▲.  m.  many  grasshoppers  were  flying.  By  noon,  in  the  up- 
per air  and  almost  iodistinguishable,  was  a  heavy  body  ^oing  southwest. 
None  lit  here. 

<*0n  the  dates  intermediate  between  those  given  the  wind  was  very  light, 
and  there  were  no  flights,  except  perhaps  short  ones,  from  one  part  of  a  field 
to  another. 

<*When  the  directions  of  flight  are  not  expressly  stated,  they  correspond 
almost  exactly  with  the  direction  of  the  wind." 

AREA  OF  THE  PRESENT  DEPOSIT  OP  EGOS. 

A  line  showing  the  eastern  limit  of  the  area  where  egfifs  are  now 
deposited  in  Minnesota  would  include  (very  nearly)  the  western 
tier  of  towns  in  Mower  county,  the  western  part  of  Steele,  Rice, 
and  Scott  counties,  the  whole  of  Carver,  the  western  part  of  Hen- 
nepin, along  the  river,  (and  in  many  places  thickly  in  the  timber 
farms,)  in  Sherburne  and  Benton  counties,  the  southern  part  of 
Todd  county,  then  westerly  including  Otter  Tail,  the  southwestern 
part  of  Becker,  and  portions  of  Clay  counties.  To  the  south  and 
Vest  of  this  line  the  locusts  have  had  possession  of  more  or  less 
of  the  state  from  the  fourth  of  July  to  the  first  of  October,  and  it 
would  be  diflScult  to  specify  with  any  exactness  especially  in  the 
eastern  part  of  this  area,  where  eggs  are  most  or  least  thickly 
laid.  But  the  counties  along  the  Red  river  from  Glyndon  to  Lac 
qui  Parle  are  comparatively  free  from  eggs,  unless  in  the  eastern 
portions,  and  again  many  towns  from  Madelia  westward  in  Wa- 
tonwan, Cottonwood,  Murray,  Redwood,  and  the  whole  of  Lyon 
and  Lincoln  counties  are  almost  entirely  free  from  eggs. 

The  accompanying  map  will  show  the  areas  of  egg-deposit 
for  the  last  four  summers,  but  the  lines  must  not  be  construed  too 
exactly.  They  are  intended  to  cover  generally  the  outside  limits 
As  for  the  limit  of  the  deposit  during  the  present  year,  it  is  im- 
possible to  draw  it  exactly,  and  no  doubt  a  few  locusts  will  be 
found  hatching  in  many  spots  next  spring  which  lie  to  the  ea^t 
of  this  line.  Late  in  the  season,  considerable  numbers  passed  over 
Owatonna  to  the  eastward,  some  over  Mantorville,  and  possibly  a 
few  over  Rochester,  and  these,  perhaps,  will  be  found  to  have 
alighted  and  laid  eggs  somewhere  in  the  southeastern  counties. 
On  our  borders  eggs  are  laid  in  the  southwestern  counties   of 


Digitized  by 


Google 


__'^r  ■  *■  -f-^*^-  ' -  ^  1 ' ** /i£S^'*^VldS 


Digitized  by  VjOOQ IC 


Digitized  by 


Google 


M. 


SURVEY   OP  MINNESOTA.  115 


kota  as  far  north  as  Rock  C!o.,  Minnesota,  and  in  Iowa  as  fiu: 
t  as  Mower  county. 

PLACES  WHERE  EGGS  ARE   DEPOSITED. 

^hese  eggs  have  been  deposited,  as  a  general  rule,  in  the  vicinity 
mltivated  fields,  and  in  each  township  the  extent  of  the  deposit 
treasured,  in  some  degree,  by  the  amount  of  land  under  cultiva- 
It  is  not  presumable,  at  least,  that  wild  prairies  or  lands 
ig  far  distant  from  tilled  fields,  are  extensively  filled  with  eggs. 
p  locust  is  attracted  and  held  by  the  growing  crops,  and  it  seems 
)e  something  more  than  a  mere  coincidence  that  the  area  de- 
bated by  the  young  in  the  spring  does  not  become  a  laying- 
und  in  the  summer ;  this  is  especially  true  of  the  present  year, 
the  same  strip  of  country  where  the  locusts  hatched  in  the 
ing,  and  where  the  little  that  was  planted,  was  mostly  consumed 
them,  is  at  present  exactly  that  portion  of  the  infested. area 
t  is  now  most  nearly  free  of  eggs,  although  the  deposit  is  abun- 
it  enough  in  the  counties  to  the  north  and  south  of  it.    Nor  do 
>  prairies,  when  covered  with  grass,  present  many  favorable 
uations  for  the  deposit  of  eggs.     The  experience  of  the  summer 
»uld  seem  to  show  that  almost  any  bare,  sunny  spot,  where  the 
rth  is  hard  enough  or  moist  enough  to  retain  the  shape  of  a  hole, 
selected  by  the  locust  when  she  is  ready  to  lay.    To  what  extent 
prairies  in  general  are  filled  with  eggs,  cannot  be  told,  of 
Qrse,  until  the  time  of  hatching  arrives,  but  in  the  vicinity  of 
Itivated  fields  the  wild  praiiie  has  received  its  share  of  eggs, 
iroughout  the  whole  area  already  given,  with  the  exceptions 
med,  there  is  hardly  a  town  where  the  deposit  was  not  so  exten- 
re  by  the  first  of  October  as  to  form  one  of  the  most  serious  of 
considerations  for  next  year's  crop.     These  eggs  are  laid  some- 
ues  ill  ground  so  hard  as  to  resist  the  point  of  a  knife-blade, 
metimes  in  sand-heaps  so  soft  that  the  next  shower  washes  off 
e  sand  and  leaves  the  egg-cones  standing  like  pegs  in  the  ground  ; 
I  knolls  high  and  clear  of  all  moisture,  on  sand-bars  in  the  rivers, 

(id  in  flats  so  low  as  to  be  overflowed  by  the  next  rain.  But  the 
ost  favorable  spot  of  all,  everywhere,  is  new  breaking.  Orain 
elds  have  generally  suffered  most  damage  on  the  sides  nearest  to 
ew  breaking,  and,  conversely,  in  new  breaking  more  eggs  are  laid 
n  the  sides  nearest  to  grain  fields.  In  some  counties,  a  large 
mount  of  new  breaking  has  been  done  by  non-residents,  and  will 
iimish  a  fruitful  source  of  evil  next  spring.  Of  circulars  sent  to 
learly  all  the  infested  towns  to  ascertain  the  extent  to  which  eggs 
I 
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were  deposited  during  the  season,  the  following,  from  Blue  Earth 
county,  is  a  sample  of  all,  as  to  the  extent  of  the  deposits,  and  the 
spots  where  they  are  situated : 

Beaaford.—"  AU  oyer  the  town;  not  mach  in  the  stabble,  bat  on  all  bare 
spots,  snch  as  sheep-pastares,  between  the  rows  of  corn  and  potatoes,  gar- 
dens, all  places  that  were  clean  of  weeds,  river  bottoms,  where  fed  close,, 
timothy  stubble  and  road  sides.*'— J.  8.  Larkin. 

Buttemnt  Valley.—"  It  would  be  difficult  to  run  down  a  spade  and  turn 
the  dirt  anywhere  in  stubble,  com,  potato  fields,  meadow,  or  road,  with* 
out  finding  eggs.  It  seems  as  twenty  to  one  before,  and  they  destroyed 
everything."— Samuel  D.  Shaw. 

Ceresco.— *<  Over  the  whole  township,  very  thick  in  most  places.*'— J.  M. 
Mead. 

Jamestown.—**  They  have  deposited  their  eggs  on  nearly  every  farm  in 
this  township."— A.  P.  Davis. 

Judson.— **  They  have  laid  eggs  very  extensively,  especially  on  new  breaking 
and  roads,  some  in  the  stubble,  grass,  prairie  and  corn  lands."— Humphrey 
H.  Jones. 

Leray.— *'  Eggs  are  laid  on  every  clear,  dry  place  in  the  town ;  mostly  in 
com  fields,  potato  fields,  gardens,  and  in  the  highway."— Ira  B.  Reynolds. 

Lime.—**  In  the  fiats  along  the  Minnesota  river  they  are  thicker  than  in 
the  timber,  but  along  the  roads,  and  in  old  pastures,  they  are  so  thick  that 
nobody  can  have  an  Idea,  unless  he  has  seen  it  himself."— Jacob  Bora. 

Mapleton.— **  There  is  not  a  farmer  but  claims  that  every  favorable  spot 
on  his  farm  is  thoroughly  peppered."-*- J.  E.  Brown. 

Medo  — **A11  timothy  pastures,  all  new  breaking,  in  the  roads,  and  in  some 
stubble  to  a  limited  extent— from  6  to  10  acres  in  each  quarter."— B.  F. 
Steadman. 

Rapidan.— '*  Every  favorable  place  is  well  filled ;  roadsides,  tame  pastures, 
and  new  breaking  thickest,  com  fields  next,  and  stubble  fields  and  unbroken 
prairie  least."— James  B.  Swan. 

Shelby.— **All  along  the  highways  and  especially  on  all  new  breaking  and 
old  pastures,  corn  fields  and  prairie  lands  that  are  eaten  out  by  pasturage, 
and  in  fact  there  is  no  such  thing  as  exception  fkrom  them."— Thomas  J. 
Cross. 
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South  Bend.—"  Eggs  are  deposited  In  every  rood  of  dry  ground  in  the 
township."— D.  P.  DaTis. 

Sterling.-"  In  some  places  the  eggs  are  stuck  in  very  thick,  bat  in  the 
^elds  generally  the  eggs  cannot  be  very  thick.  Still,  in  the  aggregate  there 
ju^Terj  many,  being  everywhere,  even  in  the  timber."— N.  A.  Hunt, 

Yernon  Center.—"  Eggs  are  deposited  all  over  the  township,  and  in  some 
places  very  thick,  seemingly  no  room  for  more,  and  in  other  places  (wheat 
stnbble,)  not  so  many."— E.  W.  Washborn. 

The  laying  this  year  seems  to  surpass  that  of  former  years  not 
only  in  the  area  filled,  but  in  the  numbers  deposited  everywhere. 
This  could  hardly  fail  to  be  the  case  when  the  laying  commenced 
early  in  July  and  was  prolonged  into  September,  and  when  some 
towns  received  deposits  from  two,  three,  or  even  four  different 
bodies.  Where  new  breaking  was  harrowed  in  the  fall  the  eggs 
often  appeared  strewn  on  the  surface  as  thickly  as  grain  is  sown; 
e.  g.,  "  I  have  just  dragged  a  new  piece  of  breaking,  and  the  eggs 
were  as  thick  as  wheat  sown  at  the  rate  of  one  and  a  half  bushels 
per  acre;  but  I  think  they  are  thicker  on  breaking  than  anywhere 
^Ise.    (S.  S.  Clevenger,  town  clerk  of  Bismarck,  Sibley  Co.) 

TIME  OF  DEPOSITING  EGGS. 

The  time  when  egg^  have  been  deposited  this  year  has  been 
stated  already.     The  time  when,  or  rather  the  age  at  which  the 
Rocky  Mountain  Locust  deposits  its  eggs,  is  a  different  question. 
The  same  species  has  laid  eggs  in  Kansas,  this  year,  as  late  as  the 
13th  of  November,  and  may  continue  to  lay  in  Texas  as  late  as 
tie  first  of  December.     (Riley's  7th  Ann.  Report, j).  192.)    If  the 
mission  of  the  locust  is  to  lay  eggs  once  and  die,  what  could  be 
tie  time  or  place  of  birth  of  those  insects  which  have  apparently 
just  reached  maturity  by  the  first  of  December  ?    Although  it  has 
been  considered  possible  that  these  are  a  second  brood  whose  pa- 
rents were  hatched  in  the  preceding  April  or  May  in  Texas  or  Col- 
orado, there  is  no  knowledge  of  the  time  or  place  of  any  such  sec- 
oad  hatching.     If  these  late  laying  swarms  are  such  as  those  which 
come  down  from  the  Snowy  Range  in  Colorado,  in  the  latter  part 
of  August  (vide  N.  C.  Meeker,  quoted  in  Riley's  8th  Ann.  Report, 
p.  84)  it  must  be  admitted  that  the  mountain-born  broods  are  a 
longer- lived  and  more  vigorous  race  than  any  bred  in  Minnesota. 
Besides  this,  among  the  swarms  which  have  come  in  upon  us  this 
year,  many  were  found  dying  as  late  as  October,  containing  eggs. 
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Thftt  the  Rocky  Mountain  Locust  lays  eggs  twice  or  three  times  in 
a  lifetime,  has  been  the  result  of  some  guess-work  among  our  far- 
mers, who  considered.it  necessary  in  order  to  account  for  facts  as 
they  saw  them.     I  give  the  result  of  a  single  experiment. 

On  the  25th  of  June,  I  shut  up  in  wire  gauze  cages  nine  pup» 
of  the  Rocky  Mountain  Locust.  The  bottoms  of  the  cages  were 
filled  with  earth  packed  hard,  and  the  insects  appeared  to  thrive  in 
confinement.  By  the  second  of  July  they  had  all  become  perfect 
insects.  By  the  8th  of  July  they  commenced  coupling,  and  were 
seen  repeating  the  act  for  several  days.  On  the  15th  and  16th  two 
of  the  females  went  through  the  form  of  depositing  eggs,  and  I 
marked  ,the  place  of  deposit  on  the  edge  of  the  cage.  The  coupling 
was  repeated  again  as  before,  until  the  third  of  August.  At  that 
date  the  coupling  ended,  and  the  locusts  became  almost  inactive^ 
and  were  seen  to  eat  very  rarely  afterward.* 

On  the  14th  of  August  one  of  the  males  died;  the  female  died  on 
the  9th  of  September,  and  was  found  to  contain  fourteen  full 
sized  eggs,  but  I  found  on  examining  the  cage  that  there  was  also 
a  full  sized  egg-cone  where  she  had  already  appeared  to  deposit 
on  the  fifteenth  of  July.  Of  the  rest  of  the  Rocky  Mountain 
Locusts  the  males  were  caged  with  some  female  Red- Legged 
Locusts  caught  in  my  garden,  and  although  the  two  species  did  not 
seem  inclined  to  have  much  commerce  with  each  other,  I  saw  one 
pair  coupling.  These  observations  are  very  slight  and  imperfect, 
but  are  given  for  whatever  they  may  be  worth.  That  the  male 
dies  first  may  be  inferred  not  only  by  the  above  experiment,  but 
from  the  fact  that  in  September  it  was  common  to  find  many 
pairs  coupled,  of  which  the  female  was  alive,  but  the  male  had 
died  without  releasing  himself. 

PABASITES  Am)  BNEMIBS. 

The  various  insect  enemies  of  the  Rocky  Mountain  Locust  have 
been  described  sufficiently  for  common  information  by  Prof. 
Riley  on  pp.   44-46  of  the  "Report  of   the  Proceedings   of  a 

*  The  early  part  of  this  coupling  season  was  one  of  the  greatest  activity 
on  the  part  of  these  Imsects ;  they  dashed  themselves  against  the  wire  of 
their  cages  as  though  all  space  woold  be  too  small  to  contain  them ;  there 
would  be  a  flash  of  the  wings,  extended  and  closed  again  in  an  instant,  or 
that  movement  of  the  hind  legs  known  as  "  fkldllng,"  which  seemed  to  be  a 
well  known  signal  between  the  male  and  female.  In  cages,  where  several 
pairs  were  confined  together,  the  male,  while  in  the  act  of  coupling,  woiil<i 
repeat  this  movement,  if  brushed  against  by  another. 
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Conference  of  the  Governors  of  several  Western  States  and  Ter- 
ritories, at  Omaha,  Nebraska,  in  October,  to  consider  the  Locust 
Problem."  As  the  descriptions  are  further  illustrated  by  figures, 
and  as  the  pamphlet  is  intended  -  for  public  distribution  it  may 
serve  to  prevent  some  of  the  confused  knowledge  about  these 
parasites  and  enemies  which  has  heretofore  prevailed  to  a  con- 
siderable extent.  The  amount  of  help  which  may  be  expected,  or 
has  already  been  received,  from  these  enemies  of  the  locust  is,  in 
limited  areaSy  even  greater  than  Prof.  Riley  would  assign  to  them. 
There  are  farms  where  in  loose,  mellow  soil  it  is  now  almost 
impossible  to  find  eggs,  yet  but  a  short  distance  away  eggs  may 
be  found  in  abundance  in  hard  ground.  There  was  also  great 
difference  in  the  diflFerent  flying  swarms  in  regard  to  the  presence 
of  the  internal  grub.  While  in  some  places  hardly  a  locust  (one 
out  of  five,)  could  be  found  that  was  not  affected  by  some 
internal  parasite,  in  others  they  were  almost  entirely  free  from 
them.  Mr.  W.  C.  Ralls,  of  Le  Sueur,  examined  624  locusts 
between  the  7th  and  10th  of  September,  and  in  9  of  these  the 
grub  was  found,  and  in  10  the  hair-worm.  It  would  be  well  if  we 
could  add  to  this  help  which  is  given  without  expectation  of 
bounty  or  relief,  the  help  which  might  have  been  added  by 
thousands  of  prairie-chickens  killed  during  the  fall.  When  a 
whole  community  stands  in  need  of  every  form  of  assistance  that 
man  and  nature  can  render,  it  is  worse  than  useless  to  throw  away 
the  help,  however  slight,  that  any  willing  instrument  is  ready  to 
contribute. 

DAMAGE  TO  CROPS. 

The  form  and  substance  which  this  report  might  have  been  ex- 
pected to  assume  early  in  the  season,  have  changed  considerably 
under  changing  circumstances.  The  various  means  of  contending 
with'  the  locust  have  been  set  forth  generally  and  in  detail  during 
the  past  four  months;  and  the  amount  of  damage  which  has  been 
inflicted  upon  the  crops,  while  it  might  have  been  ascertained  with 
some  precision  in  five  or  six  counties,  has  become  a  different  mat- 
ter when  combined  with  severe  losses  by  drouth,  and  extending 
over  thirty-five  or  more  counties.  The  exact  amount  of  loss  in  so 
many  different  counties,  varying  as  it  does  from  almost  total  loss 
of  the  grain  crops  to  slight  injury  to  gardens  and  late  com,  can 
not  be  arrived  at  with  any  less  eflScient  machinery  than  that  of 
the  Commissioner  of  Statistics,  to  whom  the  whole  of  this  portion 
of  the  subject  properly  belongs. 
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Of  grain,  the  oats  and  barley  have,  as  usual,  suffered  the  most; 
in  Raymond,  Stearns  county,  where  the  locusts  were  most  numer- 
ous from  the  23d  of  July  to  the  20th  of  August,  "  the  Lost  Nation 
wheat  was  only  slightly  damaged,  while  the  Fife  wheat  was  ru- 
ined." (So  stated  by  L.  B.  Raymond,  Esq.)  The  same  fact  was 
noted  by  P.  .Hoffman,  Esq.,  of  Westport,  Pope  county;  but  it  is 
not  known  how  generally  the  rule  will  apply. 

Corn  and  potatoes  have  escaped  with  less  damage  everywhere, 
though  corn  attacked  in  the  silk  has  been  ruined.  Peas  are  never 
specially  mentioned  except  to  note  their  escape  from  injury.  ("On 
the  whole,  we  consider  peas  and  potatoes  the  best  crop  to  raise. " — 
S.  S.  Gillam,  Big  Bend,  Cottonwood  county.)  Sorghum  is  almost 
locust  proof  so  far,  both  against  the  young  and  old.  Flax,  tobacco 
and  beans  are  generally  mentioned  to  note  their  almost  total  destruc- 
tion. Farms  lying  on  the  east  side  of  lakes  have  often  suffered 
less  than  others,  both  in  this  state  and  Dakota.  In  some  cases 
farms  situated  in  the  timber  have  been  passed  over  altogetiier;  in 
others  they  have  yielded  5  to  10  bushels  to  the  acre,  while  crops 
on  the  prairies  in  the  same  town  have  been  failures;  on  the  other 
hand,  rarely  the  timbered  portions  of  a  town  have  suffered  more 
severely  than  the  prairie  farms. 

PRACTICAL    MBTHODS  OF  CONTENDING    WITH    THB    YOUNG    LOCUST. 

The  different  means  of  contending  with  the  locust  both  in  the 
egg  and  the  unfledged  state,  have  been  set  forth  so  fully  and  so 
often  within  the  last  two  years,  that  they  ought  by  this  time  to 
have  reached,  in  some  form  or  other,  the  hands  of  every  reading 
man  in  Minnesota.  The  report  of  the  commission  appointed  by 
Governor  C.  K.  Davis  in  1875,  (of  which  some  5,000  copies  were 
printed,)  the  proclamation  of  Governor  J.  S.  Pillsbury,  issued 
August  30th,  1876,  containing  the  gist  of  all  the  known  methods 
of  locust  warfare,  and  the  many  and  oftentimes  excellent  amplifi- 
cations and  details  of  these  methods,  as  they  have  appeared  in  the 
state  newspapers  during  the  summer,  cover  the  whole  ground  so 
far  as  it  is  known.  Finally  the  Report  of  the  Proceedings  of  the 
Omaha  Convention  repeat,  in  twelve  excellent  pages,  the  whole 
subject  once  more,  and  a  reprint  of  these  in  the  newspapers  of 
those  counties  where  the  evil  is  new  and  comparatively  unknown, 
ought  to  leave  no  further  lack  of  information. 

It  ought  also  to  be  understood  that  these  sources  contain  all 
that  has  so  far  been  made  public  on  the  subject,  and  that  the 
farmer  must  for  the  present  defend  his  crops  by  these  means  or 
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not  at  all.     We  are  so  accustomed  to  the  comprehensive  methods 
of  fanning  by  machinery  that  it  is  hard  for  us  to  come  down  to 
the  petty  exercise  of  individual  exertion  which  the  European 
peasant  would  consider  only  a  regular  portion  of  his  dailj^  exist- 
ence.   But  whatever  may  be  the  success  of  various  machines  and 
applications  which  are  now  in  preparation,  but  not  to  be  disclosed 
at  present,  there  is  as  yet  no  labor-saving  contrivance,  capable  of 
being  applied  over  large  areas,  which  can  accomplish  anything 
like  a  universal  destruction  of  the  young  locust,  and  the  general 
law  of  labor  holds  good,  that  a  man's  success  is  measured  by  the 
earnestness  of  his  own  endeavor.      Even  the  diflSculty  which 
results  from  sparseness  of  population  may  be  overcome  in  some 
Kttle  measure;  where  a  few  farmers  in  a  township  where  eggs  are 
laid  have  determined  to  sow  a  small  acreage  and  to  defend  it  to  the 
best  of  their  abilities,  something  may  be  gained  by  combining  and 
sowing  in  partnership,  or  side  by  side,  the  fields  that  would  other- 
wise be  distributed  over  a  township.     Of  course  there  are  objec- 
tions and  difficulties  to  any  such  method  of  proceeding,  but  they 
are  at  least  no  greater  than  those  already  presented  in  the  mere 
feet  that  the  locust  is  present.     On  the  other  hand  the  advantages 
would  be  great ;  half  a  dozen  families  acting  in  concert  and  in 
the  defense  of  one  large  field  would  accomplisili  far  more  than  by 
any  disjointed  efforts  ;  it  would  be  far  easier  to  defend  the  four 
sides  of  one  large  field  than  the  twenty -four  sides  of  half  a  dozen 
smaller  ones ;  and  lastly  the  single  field  would  have  a  smaller 
number  of  locusts  in  the  aggregate  to  contend  against,  and  insects 
hatched  at  a  distance  from  it  might  never  reach  it  before  flying; 
at  least  it  is  certain  that  fields  lying  within  three  miles  of  the 
hatching  grounds  of  last  spring,  remained  untouched  until  the 
flying  season. 

WHAT  MAY  BE  DONE  BY   ENERGY  AND  PERSEVERANCE. 

Although  it  is  impossible  for  me  to  add  at  present  anything  to 
the  many  and  various  methods  of  locust-warfare  that  have  been 
repeated  so  often,  it  may  be  of  some  value  to  show  what  has  been 
or  may  be  done  with  those  already  known.  It  was  not  as  a  mere 
form  of  si>eech  that  the  conference  at  Omaha  concluded  with  these 
words: 

"  That  our  consultation  with  each  other  and  with  those  who 

liave  tested  the  matter,  has  resulted  in  the  firm  conviction  that 

fcy  proper  efforts,  concerted  action,  and  a  vigorous  and  determined 

war&re  against  them,  the  young  grasshoppers  which  may  be 
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hatched  out  next  year,  or  any  subsequent  year,  can  be  successfully 
fought  and  our  crops  saved;  that  we  are  not  without  remedy,  but 
we  may  protect  our  crops  against  them  if  we  will  but  make  use  of 
the  means  within  our  reach. " 

The  conditions  of  success  here  noted,  "  proper  efforts,  concerted 
action,  and  vigorous  and  determined  warfare,"  have  never  yet 
been  applied  in  Minnesota.  The  truth  of  the  above  quotation,  is 
shown  by  the  fact  that  where  even  individuals,  contending  not 
only  against  the  locusts  hatched  about  them,  but  against  those 
which  the  concerted  action  of  their  neighbors  should  have  ren- 
dered harmless,  have  defended  their  crops  with  perseverance  and 
determination  through  a  whole  season,  they  have  in  the  end  re- 
ceived a  return  which  justified  both  their  usual  and  their  extra 
labor.  Even  the  most  petty  means  of  defence,  if  kept  up  per- 
sistently through  a  whole  spring,  will  often  effect  a  saving  of  a 
considerable  portion  of  the  crop.  The  town  of  Lime,  in  Blue 
Earth  county,  one-half  of  a  government  town,  in  1875  turned  out 
its  whole  population  to  battle  with  the  young  locusts  with  brooms, 
switches,  and  every  weapon  they  could  lay  hands  on,  and  returned 
an  average  crop  of  12  2-3  bushels  of  wheat,  36  bushels  of  oats, 
and  36  bushels  of  corn  to  the  acre.  The  town  reported  no  dam- 
age from  locusts,  and  the  return  was  about  the  average  crop  for 
the  whole  county,  and  a  fair  yield. 

Charles  Pelzel,  of  Milford,  Brown  county,  by  spreading  tar  over 
strips  of  building  paper,  and  placing  t^ese  along  the  sides  of  his 
fields,  saved  most  of  his  crop,  while  those  of  his  neighbors  were 
badly  damaged.  The  paper  was  re-spread  with  tar  as  often  as  it 
became  covered  with  young  locusts.  On  25  acres  of  wheat  he  saved 
223  bushels,  and  on  eight  acres  of  oats  400  bushels.  All  this  was 
at  a  cost  of  $3  for  tar. 

Mr.  N.  V.  McDowell,  of  Bigelow,  Nobles  county,  who  lias 
fought  the  locusts  persistently  ever  since  they  came  in  1873,  by  lO 
days'  extra  labor  in  hauling  and  burning  straw,  saved  a  fair  crop 
on  55  out  of  70  acres  cultivated,  but  his  exertions  were  rendered 
useless  by  the  raids  of  July  and  August.  Even  after  these  he  waa 
able  to  harvest  five  bushels  of  wheat  to  the  acre  on  early  sowing. 

The  only  crop  of  small  grain  harvested  in  the  town  of  Holly, 
Murray  county,  this  year,  was  by  Mr.  J.  M.  King.    He  writes: 

'*  I  put  in  about  50  days'  labor  for  one  man.  I  caught  100  bushels  In  my 
net,  and  destroyed  as  many  more  by  scattering  straw  over  their  hatcliiii^ 
grounds  and  burning  them.  I  also  put  to  flight  swarms  and  drones  of  tli^xu 
after  they  began  to  fly  by  use  of  bags  nailed  on  to  ttom  25  to  50  feet  of  pole 
or  board,  with  which  I  trailed  back  and  forth  across  my  fields,  at  times 
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driving  them  like  sheep,  and  at  other  times  not  making  much  impression. 
I  saved  460  bushels  of  wheat  flrom  52  acres,  bat  firmly  believe  that  if  we  had 
had  a  favprable  season,  the  hoppers  would  have  hart  it  bat  little ;  bat  the 
dry  weather,  coming  as  it  did,  seemed  to  kill  it.*' 

The  following  experience  is  also  worthy  of  being  recorded  : 

*-Mr.  S.  W.  Danforth,  of  Madelia,  Watonwan  county,  after  having  once  re- 
solved (in  1874)  that  he  would  put  in  no  crop  whatever  should  the  locusts 
deposit  eggs  on  his  farm  a  second  time,  resolved  once  more  in  1876  tliat  he 
would  determine  whether  he  or  the  locusts  should  be  master  of  his  farm. 
On  the  north  side  of  his  wheat  field  was  a  prairie  ridge  where  the  locnst& 
hatched  in  the  spring.  These,  while  very  young,  began  to  come  into  the 
field  on  the  north,  and  had  reached  it  before  being  discovered.  He  began  by 
burning  them  with  straw  on  the  edge  of  the  field  and  on  the  adjoining  prai- 
rie, constructing  a  ditch  along  the  side  of  the  field  at  the  same  time. 
SmaUer  ditches  were  also  made  inside  the  field  to  stop  those  which  had  al- 
ready entered.  When  young,  they  were  also  delayed  by  simply  harrowing 
over  the  soil  and  presenting  a  rough  surface  for  them  to  crawl  over.  Seven 
or  eight  days  were  spent  in  this  way,  and  af(er  the  ditch  was  finished,  ic 
tamed  away  the  locusts  so  completely  that  the  work  was  considered  done, 
and  the  crop  saved.  On  the  westem  ^dge  of  his  field  was  a  strip  of  prairie 
grass,  40  rods  wide,  and  beyond  this  some  stubble  and  old  com  grounds,  be- 
longing to  a  neighbor.  Here  the  locusts  hatched  out  abundantly.  About  a 
week  after  work  was  done  on  the  north  side  of  the  field,  these  had  crossed 
the  strip  of  prairie  and  entered  the  field  f^om  the  west  before  being  noticed. 
As  soon  as  they  were  discovered,  he  got  all  the  help  he  could  and  made  a 
ditch  as  ftist  as  possible.  This  stopped  them  for  nearly  a  week,  and  then 
they  began  to  cross  it.  He  hitched  a  horse  to  a  plank  and  walked  him  up 
and  down  in  the  ditch,  and  this  turned  them  aside  for  a  while.  There  was 
a  cloady  day  on  which  the  locusts  rested,  but  when  the  sun  came  out  they 
were  ravenous,  and  there  was  no  stopping  them.  They  crossed  the  ditch, 
and  filled  the  straw-fire  so  fall  as  to  extinguish  it.  He  called  in  his  neigh* 
bors  to  see  what  would  happen  to  them  it  the  locusts  were  allowed  to  keep 
on  In  their  course,  and  five  or  six  turned  out  with  teams,  hauling  straw. 
With  this  they  burned  over  a  strip  three  or  four  rods  wide  and  a  hundred 
rods  long,  along  the  edge  of  the  field.  But  in  spite  of  all  his  efforts,  the  lo- 
custs had  made  their  way  into  his  wheat,  and  by  this  time  he  had  finished  a 
catching-net.  The  next  day,  in  five  hours,  he  caught  from  15  to  20  bushels. 
This  was  contiDued  daily,  until  75  or  80  bushels  had  been  caught,  and  it  was 
not  necessary  to  use  it,  except  as  occasion  demanded  on  certain  days,  or  in 
certain  spots  where  the  locusts  were  thickest.  This  work  was  so  effectual 
tbat  there  should  have  been  (except  for  drouth)  a  fair  crop  of  wheat,  or  at 
least  half  a  crop  all  over  the  Airm.  except  where  the  burning  was  done. 
Tills  demonstrates  the  possibility  of  one  farmer's  fighting  two  flarmers'  lo- 
custs, an'l  still  saving  half  a  crop." 
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CATCHING-MACHINES. 

Many  other  isolated  cases  of  persistent  and  partially  successful 
efforts  in  saving  crops  from  the  young  locusts  have  occurred  this 
year;  I  mention  these  because  they  have  been  reported  more  fully 
than  others.  It  also  shows  what  can  be  done  with  machines  in 
the  later  part  of  the  season,  and  what  might  have  been  done  by 
attacking  the  locusts  in  their  hatching-grounds  instead  of  waiting 
for  them  to  approach  the  grain.  The  coming  spring  seems  likely 
to  test  what  can  be  done  with  catching-machines.  Not  only  are 
several  elaborate  ones  patented  or  prepared  for  use  when  the  time 
comes,  but  many  farmers  are  already  preparing  such  machines  after 
their  own  fashions.  To  tnose  who  are  deterred  by  cost  or  by  lack 
of  a  model,  it  should  be  said  that  an  efficient  machine  can  be  made 
at  a  cost  of  a  few  poles  or  strips  of  board,  a  pair  of  wheels,  a  few 
yards  of  stout  canvas,  and  just  sufficient  ingenuity  torconstruct  a 
long,  open-mouthed  bag  to  run  over  the  fields  with  its  lower  edge 
near  the  ground,  and  running  back  in  the  rear  to  a  sack  to  contain 
the  locusts  that  are  caught.  Mr.  King's  net  was  such,  and  cap- 
tured from  two  to  eighteen  bushels  per  day,  depending  on  the  size 
and  age  of  the  locusts. 

Mr.  Danforth's  machine  consisted  of  two  wheels,  connected  by 
an  axle  20  feet  long  and  six  inches  in  diameter;  t}iis  was  made  of 
a  stout  pole  obtained  from  the  woods,  and  it  was  necessary  that  it 
should  be  so  large  and  strong,  for  the  loads  of  young  locusts  cap- 
tured were  sometimes  so  heavy  as  to  bend  even  this  badly.  Across 
the  top  of  this  axle  two  poles,  of  about  the  same  diameter  as  the 
axle,  were  fastened,  running  back  nearly  to  a  V  some  eight  or  ten 
feet  behind  the  middle  of  the  axle,  and  extending  forward  and 
opening  out  in  front  of  it.  The  front  ends  of  this  V  was  steadied 
by  a  cross-piece.  This  was  the  frame-work.  The  net  was  made 
of  about  40  yards  of  cotton  cloth,  cone-shaped,  in  front  about  18 
feet  wide,  from  one  side  to  another  along  the  axle,  and  six  or  eight 
feet  high  from  the  ground  to  the  top  of  the  net.  This  net  nar- 
rowed back  about  seven  feet  until  it  was  some  five  or  six  feet  in 
diameter,  and  terminated  in  a  stout  canvas  bag  three  or  four  feet 
long,  closed  with  a  string  at  the.  rear  end.  The  heavy  loads  of  lo- 
custs caught  (sometimes  500  pounds)  made  it  necessary  to  have  a 
support  for  the  net  and  bag,  and  for  this  purpose  a  triangular  floor - 
work  of  boards  was  made,  the  front  end  supported  from  the  axle, 
and  the  hind  end  from  the  hind  end  of  the  V  poles,  and  running 
as  near  the  ground  as  possible.  The  lower  edge  of  the  net  in  front 
was  kept  close  to  the  ground  by  a  piece  of  light  scantling  fastened 
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to  the  edge  of  the  cloth,  and  rising  and  falling  over  uneven  sur- 
faces. The  horses  were  hitched  to  the  ends  of  the  axles,  outside  of 
the  wheels,  their  breasts  extending  forward  nearly  to  the  front  ends 
of  the  V  poles,  where  they  were  fastened  by  the  head.  The  net 
sloped  backward  at  the  top  in  front,  and  when  the  machine  was  in 
motion  a  man  stationed  on  the  axle  with  a  broom  gave  the  locusts 
as  they  entered  the  net  a  start  toward  the  rear  end.  Just  where 
the  cone  terminated  in  the  oblong  bag,  a  large  piece  of  canvas  had 
been  cut  out  and  wire  gauze  inserted,  and  the  locusts  moved  to- 
wards this  on  getting  into  the  net,  attracted  by  the  light.  The 
only  outlay  in  constructing  this  machine  was  for  the  40  yards  of 
cotton  cloth.  This  net  captured  from  eight  to  twelve  bushels  of 
pupae  per  day  when  first  used,  and  the  amount  diminished  daily, 
till  the  24th  of  June,  when  about  two  bushels  were  taken. 

Mr.  Andrew  Webster,  of  Norseland,  Nicollet  county,  had,  in 
1875,  about  230  acres  of  wheat  sown.  The  locusts  began  to  hatch 
about  May  17th,  and  he  commenced  at  once  to  destroy  them  by 
burning  with  straw.  As  it  was  impossible  to  protect  the  whole  of 
his  crop  with  the  help  at  hand,  he  selected  a  field  of  fifty  acres  to 
defend,  and  burned  all  the  locusts  that  hatched  near  it.  This 
continued  until  June  11th,  when  the  straw  was  exhausted,  and  the 
locusts  had  begun  to  come  in  from  the  adjoining  fields.  Two 
catching-nets  were  then  rigged  up,  (of  the  usual  form,)  attached  to 
axles  fourteen  and  sixteen  feet  long,  each  drawn  by  one  horse 
moving  at  a  fast  trot.  The  amounts  caught  were  :  From  June 
11th  to  17th,  (part  of  the  time  with  one  net,)  121  bushels  ;  with 
both  nets,  June  17th,  87  bushels ;  June  19th,  20  bushels ;  June 
21st,  77  bushels ;  June  22d,  63  bushels ;  June  23d,  46  bushels  ; 
June  24th,  71  bushels  ;  June  26th  to  28th,  128  bushels ;  June 
29th,  59  bushels;  June  30th,  28  bushels;  July  1st,  18 -bushels, 
when  the  work  was  discontinued,  as  the  locusts  had  begun  to  fly, 
and  had  become  too  scattered  to  be  caught  easily.  The  catching 
was  done  along  the  edge  of  the  field,  and  between  the  hours  of  five 
and  ten  p.  m.  It  required  the  labor  of  four  men  and  four  horses 
during  these  hours.  The  whole  number  of  bushels  caught  was 
667,  and,  on  threshing,  658  bushels  of  wheat  were  harvested  from 
the  fifty  acres. 

DITCHING. 

The  experience  of  Minnesota  in  regard  to  ditching,  in  1875,  was 
so  successful,  and  so  strongly  and  fully  confirmed  by  the  testimony 
of  reliable  men,  that  the  experiment  should  have  seemed  worthy 
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of  a  more  extended  trial  than  it  has  received  this  year.  But  few 
ditches  have  been  dug,  but  these,  even  when  left  to  take  care  of 
themselves,  have  generally  served  as  a  barrier  during  the  earlier 
half  of  the  season.  A  ditch,  to  be  effectual,  needs  care  and  watch- 
ing ;  when  its  sides  have  been  washed  down  by  repeated  rains,  and 
it  becomes  a  mere  curved  surface,  it  is  a  very  slight  barrier  indeed. 
The  time  and  trouble  of  constructing  such  ditches  as  these,  would 
be  spent  better  otherwise. 

CONTENDING  WITH  WINGED  LOCUSTS. 

Here  and  there  during  the  past  season  have  been  cases  of  one 
farmer  or  a  few  farmers  in  a  township  who  were  able  to  save  some 
portion  of  their  crops  from  the  flying  swarms.  The  number  of 
cases  where  this  has  happened  is  in  some  twenty -five  or  thirty  out 
of  the  whole  number  of  towns  in  the  state  that  have  been  invaded. 
When  there  has  been  any  success  at  all  it  has  generally  been  early 
in  the  season,  and  over  small  patches  of  garden  or  cornfields. 
There  are  towns  where  farmers  have  smudged,  roped,  discharged 
fire-arms,  and  rattled  tin  pans,  until  straw  stacks  and  patience 
were  exhausted;  and  all  to  no  avail.  Others  have  worked  hard 
smoking  and  roping  their  fields,  supposing  all  the  while  that  they 
were  accomplishing  something,  only  to  find  in  the  end  that  they 
were  worse  off  than  neighbors  who  had  done  nothing.  Others, 
who  have  had  plenty  of  straw  at  hand,  have,  by  firing  it  at  just 
the  right  moment,  managed  to  save  a  field.  But  the  uselessness 
of  all  such  attempts  has  generally  been  too  apparent  to  encourage 
any  hope  of  even  a  chance  of  success. 

BURNING  PRAIRIES. 

Thcamount  of  help  which  may  be  received  from  burning  the 
grass  on  the  prairie  at  the  time  of  hatching,  seems  likely  to  be 
well  tested  next  year,  as  the  efforts  to  preserve  the  grass  have  so 
far  been  generally  successful.  The  exact  amount  of  help  that  can 
be  derived  from  a  general  burning  must  vary  much,  with  differing 
circumstances,  from  one  year  to  another,  and  the  opinions  as  to 
its  value  differ  greatly.  To  those  who  believe  that  the  whole 
region  of  uncultivated  prairie  in  the  western  part  of  the  state  is 
extensively  dotted  with  eggs,  nothing  could  seem  more  important 
than  a  general  preservation  of  the  grass,  difficult  or  impossible  as 
this  may  be.  There  is  no  question  whatever  as  to  the  value  o± 
preserving  it  in  all  cultivated  neighborhoods,  or  in  all  regions 
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that  are  interspersed  with  farms.  And  yet  even  in  these  it  is 
difficult  to  select  a  time  for  burning  which  will  not  allow  the 
escape  of  some  portions  of  those  already  hatched  or  of  those  still 
unhatched.  But  even  if  the  help  falls  a  great  deal  short  of  general 
destruction  it  is  still  a  help;  even  if  no  insects  are  hatched  on 
the  prairie  they  often  hop  away  in  large  numbers  off  the  bare 
fields  into  the  prairie  grass,  and  may  be  destroyed  in  large  quan- 
tities. In  addition  to  this,  where  the  grass  is  burned  late  in  the 
spring  it  gives  place  to  a  growth  of  young  and  tender  grass  which 
often  serves  to  entice  the  locusts  away  from  the  crops.  In  Wa- 
tonwan county  last  year  only  about  one  half  of  the  grass  was 
saved  through  to  May  or  June,  ir^  Cottonwood  county  less  than 
one  half,  in  Redwood,  Murray  and  Lyon  counties,  hardly  any. 
Wherever  it  was  fairly  tried  in  Cottonwood  county,  those  who 
had  charge  of  attending  to  the  preservation  and  firing  of  it  are 
strongly  convinced  that  efiScient  service  was  rendered  by  it. 

PLOWING  AND  HARROWING. 

The  prevention  of  the  eggs  from  hatching  by  deep  plowing  or 
by  surface  harrowing  has  been  urged  in  the  Report  of  the  Omaha 
Conference,  and  none  too  strongly.  While  there  is  much  differ- 
ence of  opinion  in  regard  to  deep  plowing,  there  is  strong  testi- 
mony to  show  that  where  the  eggs  are  turned  under  to  the  depth 
of  ten  inches  they  either  never  hatch  at  all,  or  come  forth  so  late 
as  to  be  incapable  of  haiin,  appearing  sometimes  after  the  com 
has  reached  the  height  of  three  or  four  feet,  sometimes  as  late  as 
the  end  of  August.  But  if  there  is  any  point  in  the  whole  subject 
where  opinions  seem  to  be  unanimous,  it  is  in  regard  to  the  value 
of  harrowing  up  the  eggs  in  the  fall,  and  exposing  them  to  the 
influence  of  weather,  birds  and  other  enemies.  In  this  connection 
the  general  harrowing  of  new  breaking  and  plowing  of  roadsides 
that  have  been  done  by  many  farmers,  or  by  townships,  cannot  fail 
to  be  of  benefit.  That  this  work  should  commence  in  our  climate 
as  soon  in  the  fall  as  there  is  any  assurance  that  the  egg-deposit  is 
ended,  is  evident  from  the  consideration  that  the  longer  the  egg  is 
exposed  to  the  above  mentioned  influences  the  more  sure  its  de- 
struction is  likely  to  become,  and  from  the  fact  that  in  many 
places  the  ground  became  frozen  before  the  work  of  harrowing 
was  nearly  finished. 

THE  NEED   BOTH  OP  STATE  AND  OP  INDIVIDUAL  EXERTION. 

It  will  be  fortunate  if  science  and  national  discovery  shall  finally 
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be  able  to  dispel  for  us  some  of  the  uncertainties  which  beset 
the  locust  problem  in  general.  It  is  the  doubt  in  regard  to  the 
future  and  the  fear  that  each  year  may  prove  more  disastrous  than 
its  predecessor,  that  give  the  evil  more  than  its  real  magnitude  and 
paralyze  hands  that  are  not  otherwise  accustomed  to  refuse  labor. 
To  simplify  the  conditions  of  the  problem  as  far  as  possible,  to 
determine  how  far  the  goings  and  comings  of  a  fitful  insect  hurry- 
ing destructively  over  thousands  of  miles  of  grain  fields,  and 
sowing  everywhere  the  seeds  of  future  devastation,  may  be  fore- 
seen or  prevented,  is  an  object  worthy  of  the  highest  science  and 
the  most  liberal  enterprise.  But  the  help  that  can  come  from 
any  such  source  must  necessarily  be  long  in  action  and  slow  in 
results.  With  all  our  uncertainties,  we  have  one  certainty  before 
us  in  the  immediate  future;  it  is  that  of  a  great  and  wide  spread 
injury  which  only  prompt,  efficient,  concerted  and  continued 
effort  can  remedy.  We  cannot  offer  to  do  less  than  to  render  at 
once  by  ourselves  and  to  ourselves  a  portion  of  that  help  which 
we  ask  a  broader  knowledge  and  enlarged  means  to  render  unnec- 
essary in  the  future.  The  state  of  Minnesota  has  already  taken 
the  lead  in  the  proposal  of  a  conference  upon  the  locust  subject, 
which,  if  the  results  correspond  in  any  fair  measure  to  the  objects 
proposed,  will  end  in  more  definite  knowledge  and  more  eflScient 
action  throughout  all  the  region  that  has  been  overrun  for  so  many 
years.  The  state  may  fitly  supplement  the  action  of  the  confer- 
ence by  determining  once  for  all  just  what  can  be  done  with  the 
evil  when  it  has  taken  root  here.  It  is  no  longer  a  question  that 
that  is  a  state  matter  which  concerns  more  or  less  intimately  forty - 
four  out  of  seventy-one  counties. 

But  the  matter  does  not  end  with  the  state.  After  all  that  can 
be  done  by  legislation,  success  depends  purely  upon  how  much 
each  man  is  willing  to  do  with  his  own  hands.  Without  united 
effort  to  meet  the  evil  wherever  it  occurs,  and  with  every  means 
or  instrument  that  lie  at  our  disposal,  without  a  determination  to 
plow  and  sow  and  defend,  each  and  every  man  on  his  own  domain, 
nothing  will  be  done  that  is  worth  legislajfcg  about.  No  effort  is 
worth  securing  that  does  not  recognize  the  need  of  the  broadest 
possible  exertion,  or  offer  the  largest  possible  assurance  of  ultimate 
success. 

BOUNTY. 

The  conference  at  Omaha,  while  recognizing  the  necessity  for 
united  action,  both  of  the  state  and  of  every  individual  through- 
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ont  the  present  infested  regions,  resolved  "  That  it  will  be  wise 
and  politic  for  the  legislatures  of  each  of  the  states  and  territories 
most  deeply  interested  in  the  locust  question,  to  enact  a  state 
bounty  law,"  etc.    As  there  is  in  the  minds  of  many  a  grave 
doubt  as  to  the  expediency  of  offering  any  bounty  at  all  which 
shall  take  the  form  of  a  specified  amount  to  be  paid  per  bushel  for 
locusts,  and  as  it  will  be  difficult  to  enact  any  law  which  shall 
be  equally  adapted  to  the  thickly  settled  counties  and  the  thinly 
settled  frontier,  I  have  included  in  circulars  to  the  different  towns 
the  question,  "If  a  bounty  were  offered  in  your  township,  next 
spring,  for  the  destruction  of  locusts,  could  it  be  made  to  any 
extent  successful  in  saving  crops?"  and  "How  small  a  price  per 
bushel  would  accomplish  the  purpose?"    The  farmers  ought  to 
know  at  least  as  well  as  any  one  the  capabilities  of  their  own 
communities,  and  it  is  some  proof  of  the  sincerity  with  which  they 
have  made  their  replies,  that  in  counties  where  the  locust  is  com- 
paratively unknown,  it  is  answered  that  they  are  unable  to  give 
an  opinion  ;  in  the  sparsely  settled  counties,  the  fear  is  often 
strongly  expressed  that  such  a  bounty  would  be  useless  for  the 
purpose  stated ;  while  in  those  counties  where  the  locusts  have 
hatched  of  late  years  or  where  the  bounty  system  has  already  been 
applied,  it  is  considered  that  a  bounty  per  bushel  would  undoubt- 
edly accomplish  the  object  named.    The  amount  is  generally  placed 
at  one  dollar  per  bushel,  seldom  more,  and  often  one-third  or  one- 
fourth  of  that  amount ;  and  while  one  dollar  per  bushel  might  be 
none  too  great  a  price  per  bushel  for  locusts  immediately  after 
hatching,  it  is  certain  that  in  a  very  few  days  a  much  smaller 
amount  would  more  than  equal  it. 

By  referring  to  the  experience  of  Mr.  Andrew  Webster,  already 
given,  it  will  be  seen  that  from  the  11th  of  June  to  the  first  of 
July,  even  ten  cents  per  bushel.would  have  been  a  paying  bounty, 
when  added  to  the  crop  that  was  saved  by  the  exertions  made  in 
catching.    With  the  improved  machines  and  contrivances  for  cap- 
turing that  are  being  brought  forward  at  this  date  (Jan.  30,  1877) 
it  is  certain  that  the  state  need  not  offer  a  larger  bounty,  at  the 
utmost,  than  ten  cents  per  bushel  after  the  tenth  of  June.    If  the 
locusts  exist  in  sufficient  numbers  to  do  great  injury  after  that 
date,  a  few  cents  per  bushel  added  by  counties,  or  by  towns,  to  the 
amount  given  above,  will  make  a  bounty  that  will  amply  repay  la- 
bor, to  say  nothing  of  the  saving  in  crops.    It  would  be  also  an 
improvement,  both  in  convenience  and  exactness,  if  a  bounty  were 
offered  per  pound,  instead  of  per  bushel.     It  is  no  pleasant  matter 
to  measure  a  few  bushels  of  locusts  that  have  been  standing  for  a 
17 
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day  or  two  under  a  hot  June  sun,  and  the  hurry  of  an  unpleasaiK 
task  may  be  a  cause  of  inaccuracy  in  measurement;  but  the  meai 
ure  in  pounds  of  abnost  any  quantity  of  dead  locusts  can  be  oH 
tained  at  once,  with  ease  and  accuracy.  ' 


CONCLUSION. 


I 


In  conclusion  it  remains  to  thank  the  many  persons,  both  know^ 
and  unknown  to  me,  who  have  so  kindly  replied  to  my  circulaij 
and  letters  of  inquiry  during  the  season.     The  writers  are  4 
many  that  it  is  impossible  to  name  them,  but  they  have  helpe| 
greatly  to  give  this  report  whatever  value  it  may  have.    Thj 
'  value  must  necessarily  appear  different  to  different  readers  ;  man^ 
will  miss  what  they  expected  to  find,  or  find  what  may  appear  ci 
comparative  little  value.    But  I  have  endeavored  to  compile  froj 
all  available  sources  what  might  be  of  benefit  to  our  citizens  ani 
at  the  same  time  worthy  of  appearance  in  a  report  upon  the  Nai 
ural  History  of  the  State  ;  I  haVe  tried  to  show  not  only  th 
requirements  of  the  present  year  in  meeting  the  locust  evil  as  w 
find  it  upon  us  now,  but  also  the  connection  between  one  yea 
and  another.    But  whatever  the  value  of  the  report  may  be,  th 
State  should  provide  fitting  means  for  the  continuance  of  simill 
(or  better)  efforts  during  the  year  1877.    Not  only  is  an  enterpria 
of  this  sort,  if  properly  conducted,  always  a  worthy  one  in  an 
State  which  labors  under  an  evil  of  such  magnitude,  but  the  hel 
which  a  national  commission  may  derive  from  assistants  actin 
under  its  direction  in  every  one  of  the  States  now  infested  mfl 
be  of  great  value,  and  will  help  to  bring  completeness  to  a  taa 
which  any  commission  will  find  too  widely  extended  to  reach  witl 
personal  observation.     There  is  no  need  to  regret  the  triflinj 
sums  which  have  so  far  been  expended  upon  "grasshopper  invet 
tigations,"  nor  to  begrudge  the  few  hundred  dollars  that  wi| 
enable  us  to  do  what  little  we  can  in  aid  of  that  scientific  inquirj 
for  which  we  now  ask  of  the  National  Government  competeij 
maintenance  and  the  best  learning  that  America  6an  supply. 

Respectfully  submitted.  * 

Allbk  Whitman. 
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VIII. 
THE  GEOLOGY  OF  HENNEPIN  COUNTY. 


Situation  and  Area. 


Hennepin  county  lies  west  of  the  Mississippi  river,  and  in  the 
angle  formed  by  the  Minnesota  and  the  Mississippi.  It  extends 
thirty  miles  north  and  south  and  about  the  same  distance  east  and 
west,  but  its  form  is  more  that  of  a  square  with  rounded  comers. 
Its  aggregate  area  is  854,904.  96  acres,  as  follows,  by  towns.  This 
tabulated  statement  was  furnished  by  Mr.  F.  E.  Snow,  under  the 
direction  of  Sur.  G^.  J.  H.  Baker,  St.  Paul. 
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Surveying  Statistics  of  Hienn^in  County,  Minnesota, 
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8,574.30 


Fr»cUFt.3ft0ll.  R^a'iL 

^l  M  *{ 
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Fratt'l  MlQa.  River. 

Fracl  Bol.  4lli  P.  M. 
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Fracl  Minn.  BlT«r. 


August.  1B65,     lSl,4sT.97 

Sept..  m.  21,639.66  [&  Craw  Hl^er*. 

Sepl . ,  1955.  1 6,S23  03 .  Estl  m*ted  Frac*  1  Mies. 

- I  [&  Crow  Rivera. 
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Nov.,  iBH^ 
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21,463.03  Bat'dFracUCr&wBlT. 
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I44^J    '^       "  •'       *• 


Total  surveyed  area 847,928.90  acres. 

The  following  is  the  area  of  the  imsurveyed  portion  of  the  Port 
Snelling  Reservation,  as  estimated  by  Mr.  F.  E.  Snow^: 

Tp.  27,  Range  23 780.00  acres. 

Tp.  27,  Range  24 484.44  acres. 

Tp.  28,  Range  28 4,834.24  acres. 

Tp.  28,  Range  24 \ 1,417.88  acres. 

Total 6,976  06  acres. 

Natural  Drainage. 
Nearly  three-fourths  of  the  boundary  of  this  county  is  formed 
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by  rivers.  The  Mississippi  is  along  the  northeast,  the  Minnesota 
is  along  the  soiith  and  southeast,  and  Crow  river  runs  along  the 
northwest.  It  has  numerous  lakes  of  clear  water,  and  small 
streams  that  flow  from  the  central  or  southwestern  portions  out- 
ward, in  nearly  all  directions,  but  no  large  streams  enter  the 
county,  except  where  the  Mississippi  intersects  the  city  of  Minne- 
apolis. Lake  Minnetonka  is  a  large  and  irregular  expanse  of 
water,  in  the  southwestern  part  of  the  county,  with  high  shores  - 
and  knolls  of  drift  on  all  sides,  navigable  for  small  steamers  of 
which  there  are  already  five  on  the  lake.  The  frequency  of  lakes 
throughout  the  county  is  one  of  its  most  noticeable  features.  They 
are  generally  surrounded  by  high  drift  hills,  and  have  deep  water, 
and  gravelly  shores.  Steamers  ply  on  the  Mississippi  above 
the  Falls  of  St.  Anthony,  and  also  below,  though  the  rapids  below 
the  Falls,  extending  about  a  mile,  and  the  rapids  at  Meeker's  Island, 
about  three  miles  below  the  Falls,  prevent  the  general  navigation 
of  the  river  within  the  limits  of  the  county.  The  Minnesota 
river  is  also  navigable  throughout  its  extent  in  Hennepin  county. 
In  the  north  central  portion  of  the  county  are  several  extensive 
marshes,  about  the  headwaters  of  some  of  the  streams  running 
north,  and  extending  along  their  valleys. 

The  Surface  Features. 

The  most  of  the  county  has  an  undulating  or  rolling  drift  sur- 
face, and  a  nearly  level  general  contour.  The  Mississippi  river  has. 
modified  the  drift  in  a  wide  belt  of  country  along  both  sides,  but 
especially  on  the  west  side,  within  Hennepin  county,  making  the 
surface  nearly  flat,  with  a  lighter,  or  more  sandy  soil.  This  belt 
of  flat  land,  on  the  west  side,  is  markedly  set  off  from  the  rolling 
portion  of  the  county  by  a  line  which  nearly  coincides,  through 
Dayton,  Champlin  and  Brooklyn,  with  the  supposed  boundary 
line  between  the  St.  Peter  sandstone  and  the  lower  magnesian 
formation.  In  the  northern  part  of  Crystal  Lake  this  line  changes 
its  direction,  and  approaches  rapidly  toward  the  river,  entering 
the  corporate  limits  of  the  city  of  Minneapolis  in  Sec.  16.  It 
then  strikes  nearly  south,  running  along  the  west  side  of  Lakes 
Calhoun  and  Harriet;  then  east  toward  the  river,  keeping  on  the 
east  of  Lakes  Amelia  and  Mother,  after  passing  which  it  strikea 
rapidly  toward  the  west  and  southwest  to  Sec.  33,  in  Richfield  town- 
ship, when  it  turns  nearly  south;  and  in  Sec.  16,  Bloomington,  it 
coalesces  with  a  similar  line  which  follows  the  Minnesota  river. 
The  belt  of  land  thus  set  off,  is  generally  flat  and  often  sandy  or 


Digitized  by 


Google 


134  OEOLOaiOAL  AND  NATURAL  BISTOBT 

grayelly  with  only  an  occasional  knoll  of  hardpan  drift.  At  some 
depth  below  the  surface  the  hardpan  drift  is  uniformly  met  with 
in  all  excayations.  This  flat  tract  is,  in  its  widest  parts,  six 
miles  across  from  east  to  west.  The  narrowest  point  is  in  N. 
Minneapolis  where  it  is  less  than  a  mile  across.  A  similar  flat 
belt  runs  along  the  east  side  of  the  river  in  Anoka  and  Ramsey 
counties.  This  land  is  at  the  present  time  neyer  reached  by  even 
^  the  highest  freshet  stage  of  the  riy^r.  There  is  within  the  flat 
tract,  along  the  riyer,  a  flood-plain  level,  subject  to  annual  over- 
flow. If  ever  the  river  operated  over  this  belt  so  as  to  affect  its 
topography,  it  must  have  been  at  a  time  when  it  was  of  vastly 
greater  volume  than  at  present,  and  probably  during  the  period  of 
recession  of  the  ice  of  tiie  last  glacial  epoch,  and  while  the  mate' 
rial  of  the  drift  was  itself  being  deposited.  This  tract  is  underlain 
in  some  places  by  a  laminated  clay,  which,  when  burned  for  brick, 
makes  the  well-known  ^^ Milwaukee  brick"  which  are  of  alight 
buff  or  cream  color. 

The  elevation  of  ithe  county  above  the  ocean  is,  perhaps  on  an 
average,  about  one  thousand  feet.  The  following  points  have 
been  determined. 

Elevations  in  Hennepin  County. 

Abort  tht  OoMD. 

St.  Anthony  Junction,  |St.  P.  &P.  B.  B • 829    feet. 

Mississippi  (low  water)  at  Nicollet  Island 791    feet. 

Minneapolis  Junction,  St.  F.&P.B.  K 821    feet. 

Mississippi  (Ipw  water;,  lialf  a  mile  below  St.  Anthony  Falls..  71  li  feet. 

SelTsLake  (water),  St.P.  &P.  B.  B 842    feet. 

Waysata  Station,  St.  P.  &  P.  B.  B 922   feet 

Lake  Minnetonka  (water) 918   feet. 

Long  Lake  Station,  St.  P.  &  P.  B.  B •  940   feet. 

Anoka,  (opposite  Champlin,)  St.  P.  &  P.  B.  B... 869   feet. 

Minneapolis  Depot,  M.  &  St.  P.  B.  B 816   feet. 

Minnehaha  Creek,  (bottom,)  M.  &  St.  P.  B.  B 792   feet. 

Minnehaha  Creek,  grade  of  M.  &  St.  P.  B.  B 806   feet. 

Minnehaha  Station,  M.  &  St.  P.  B.  B 802    feet. 

FortSnelllng  Station,  M.  &  St.  P.  B.  B 7l2j^  feet. 

Bottom  of  Minnesota  river,  at  crossing  of  M.  &  St.  P.  B.  B .  •  •  •  668   feet. 

Bridge  at  crossing  of  Minn.  B.  at  Ft.  SneUing,  M.  &  St.  P.  B.  B.  708i  feet. 

Elevations  on  the  Minneapolis  dk  St.  Louis  B.  B. 

FUBNISHKD  BY  COL.  J.  B.  ClOUGH. 

Plast  from  MlDiiMpoUi.]                                                        AbOTe  tht  Oomh. 
Crossing  of  St.  P.  &  P.  B.  B.,  near  St.  Anthony  Junction 828  feet. 
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140  "  stations  *'  east  of  crossing,*  (cut  of  7  fleet,)  • 

220  **  stations  "  east  of  crossings  (cat  of  16  feet,) 

240  "  stations  "  east  of  crossing,  (track,)  Robinson  L 

240  *'  stations  "  east  of  crossing,  water  surface,  Robinson  L. 

265  **  stations  ?  east  of  crossing,  (cat  of  7  feet) 

800  *'  stations  "  east  of  crossing,  (track,)  Bennett  L 

800  "stations"  east  of  crossing,  water  sarface,  Bennett  L.. 

800  **  stations  "  east  of  crossing,  bottom,  Bennett  L 

808  **  staitons  "  east  of  crossing,  clay  ridge,  (cat  20  feet,) 

880  «'  stations  "  east  of  crossing,  track,  (cnt  18  fdel,)  ...»..., 

405  **  stations  "  east  of  crossing,  track  at  Owassa  L 

406  '*  stations  "  east  of  crossing,  bottom  Owassa  L 

405  **  stations  "  east  of  crossing,  water  sarface  Owassa  L. . . . 

415  **  stations  **  east  of  crossing,  track,  (cat  17  feet,) 

Tamarack  Swamp,  ("no  bottom,*')  track 


988  feet. 

918  feet. 

906  feet. 

898  feet. 

917  feet 
g  885  feet. 
§  888  feet. 
2  868  feet. 
I  888  feet. 
I  897  feet. 
?  888  feet. 

871  feet. 

878  feet. 

897  feet. 

878  feet. 


I 


878  feet. 
869  feet. 

981  feet. 
928  feet. 

917  feet. 

918  feet. 


[Nora.— This  swamp  seems  to  consist  of  a  mass  of  floating 
peat,  grass-roots,  &c.,  supporting  small  tamarack  trees. 
Three  piles  wei^  driven  (spliced),  each  60  feet  long,  making 
180  feet,  without  reaching  solid  fbundation.  The  track  was 
then  supported  on  a  raft  consisting  of  logs,  slabs  and  brash 
thrown  on  the  sorfaoe,  and  remains  so  still.] 

465  "stations"  east  of  crossing,  track "^ 

465  "  stations  "  east  of  crossing,  water,  (80  ft.  piles  driven).  • . 
600  *'  stations  "  east  of  crossing,  track,  (ground  on  either  side 

80-50  feet  higher) 

650  *'  stations  **  east  of  crossing.  White  Bear  flats 

670  "stations"  east  of  crossing,  June,  of  L.  8.  &  M.  R.  R.. .. 
White  Bear  Lake,  (water,)  cannot  be  fEur  Arom 

[Note.— The  depot  at  White  Bear  may  be  six  or  ten  feet  higher 

than  the  grade  at  this  Junction.] 

[Soath  from  MioneapoliB.] 
Minneapolis  &  St.  Louis  Depot,  Minneapolis,  cor.  2d  street  and 

4th  avenue '•^••.      816  feet. 

Crossing  of  Hennepin  avenue,  foot  of  Bridge  street,  at  the  old 

suspension  bridge • •••••      808  feet. 

St.  Paul  &  Pacific  Depot,  Minneapolis 821  feet. 

TThe  line,  to  Cedar  Lake,  follows  the  valley  of  Basset's  creek.] 

Cedar  Lake,  (track) 855  feet. 

Cedar  Lake,  (water  surfkce) 852  feet. 

BassLake,  (track) 876  feet. 

Bass  Lake,  (water  surf)Bu>e) • 868  feet. 

Divide  between  Bass  Lake  and  Minnehaha  creek • 908  feet. 

Divide  between  Bass  Lake  and  Minnehaha  creek,  (nat.  sur.) •  •  ••  920  feet. 

Marsh  at  Minnehaha  creek,  (track) 885  feet. 

Marsh  at  Minnehaha  creek,  (surface  of  marsh) 880  feet. 

*  One  "  ttotion  **  eqoali  out  himdrtd  t—%. 
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Crossing  of  Minnehaha  creek,  (track) 81^  feet. 

Crossing  of  Minnehaha  creek,  (water) 885  feet. 

Divide  east  of  Hopkins  Station,  (cat  14  fept) 918  feet. 

Divide  between  Hopkins  Station  and  Shady  Oak,  (cat  18  feet)...  901  feet. 

Shady  Oak  Lake,  (track) 900  feet. 

Shady  Oak  Lake,  (water  snrface) 898  feet. 

[Piles  were  here  driven  78  feet,  to  a  hard  bottom,  which  now 
support  the  track;  water  80  feet;  the  rest  mnd,  "or  something 
else/'  Sonndlngs  at  first  indicated  bat  80  feet  of  water;  bnt  in 
filling,  the  bank  settled  at  least  40  feet  farther ;  after  two  months' 
work  at  filling,  with  little  visible  progress,  the  bnilders  had  to 
resort  to  pile-driving.] 

MadLake,  (track) 898  feet. 

Mad  Lake,  (winter) 890  feet. 

LRolling  Surface.] 

Elevation  between  Mad  Lake  and  Glen  Lake  marsh,  (cnt  8  feet).  918  feet. 

Glen  Lake  marsh,  (track) 898  feet. 

Glen  Lake,  (snrAice  of  marsh) 895  ftet. 

[  At  Glen  Lake  marsh,  after  the  track  was  bailt  it  sank,  and 
was  entirely  lost,  a  lake  being  formed.  Then  piles  were  resorted 
to»  with  a  depth  of  50  feet,  for  a  distance  of  250  feet.] 

Divide  1,000  feet  west  of  Glen  Lake  marsh,  (cut  18  fbet) 908  feet. 

Boiling  descent  to^ 

Island  Lake,  (track) 898  feet. 

IslandLake,  (water snrface) 881  feet. 

Divide  1,000  feet  west  of  Island  Lake,  (track ;  no  cat) 908  feet. 

[On  the  east  side  of  the  line  hills  rise  75  or  100  feet  higher, 
the  road  rnnning  through  a  gap ;  on  the  west  side  hills  rise  80 
or  40  feet.  At  1,500  feet  fhrther  sooth  the  road  passed  through 
a  ridge  of  gravel  and  red  clay  (mixed)  in  which  was  found  a 
piece  of  native  copper  weighing  78  pounds.  This  was  a  cut  of 
80  feet.]    • 

Purgatory  creek  crossing,  Ctrack) 844  feet. 

Pargatory  Creek  crossing,  (ground) 828  feet» 

Purgatory  creek  crossing,  (bottom) 820  feet. 

[Piles  were  driven  here  36  feet  without  finding  a  hard  bottom] 

Eden  Prairie  Station,  (8  feet  cut) 878  feet. 

Divide  between  Eden  Prairie  Station  and  Lake  Bradford,  (cut  8  ft.)  891  feet. 

Lake  Bradford,  (track) 868  feet. 

Lake  Bradford,  (water) 855  feet. 

Elevation  at  county  line,  (Hennepin  and  Carver ;  track) 865  feet . 

Elevation  at  county  line,  Hennepin  and  Carver,  (Nat.  Surface)  ••  895  feet. 

[At  1,000  feet  west  of  the  county  line  is  a  cut  of  40  feet.] 
Bavlne  2,000  feet  west  of  last  cut,  (track) 886  feet. 
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[Trestle  work  is  bailt  here  76  feet  high,  aod  450  feet  long; 
stiff  day  on  the  west  side  of  the  ravine  and  sand  on  the  east 
side.  Sadden  changes  oconr  in  the  drift  in  going  down  to  the 
Bfinnesota  yalley.] 

One  mile  farther  on,  ravine,  (track) •••• 791  feet. 

One  mile  ftirther  on,  ravine,  (bottom)..*. 726  teet. 

Foot  of  the  Minnesota  river  bluffs,  near  Chaska . .  • ......••      742  feet. 

[Then  comes  a  quaking,  or  peaty,  marsh  for  8,000  feet.  J 

Crossing  of  Hastings  and  Dakota  B.  B.,  Chaska •  716  feet. 

Carver  Station,  (12  feet  fill) 710  feet. 

Minnesota  river  crossing,  (track) 716  feet. 

Botton  of  Minnesota  river,  (Carver) 678  feet» 

Water  in  Minnesota  liver,  (Carver) 683  feet. 

Sioux  City  Junction 758  feet. 

Description  of  the  towns  of  Hennepin  county. 

In  the  following  notes  on  the  various  towns  of  the  county  the 
magnetic  variation  given  is  that  recorded  by  the  U.  S.  Surveyors 
on  the  township  plats: 

Towns  27  and  28,  R.  23  W.  op  4th  Prik.  Mer.    (Fractional.)  E. 
parts  o/ Richfield  and  Mdweapolis. 

These  embrace  the  bluffs  of  the  Mississippi  and  Minnesota 
rivers  south  of  Minneapolis,  and  a  narrow  strip  of  level  and  prai- 
rie land  along  the  west  side  of  those  rivers  above  the  point  of  their 
confluence,  not  exceeding  two  miles  in  width. 

T.  29,  R.  23  W.  OP  4th  Prin.  Mer.    (Fractional)  E.paHof  St. 

Anthoit?. 

This  is  a  belt  of  one  mile  wide  embracing  six  sections,  and  lies 
mostly  on  the  east  side  of  the  Missitsippi  river.  It  is  all  included 
within  the  prairie  land  that  characterizes  the  Mississippi  valley, 
except  about  a  mile  square  in  its  northern  portion,  which  is  roll- 
ing and  wooded. 

T.  27,  R.  24  W.  Of  4th  Prin.  Mer.  (AT.  of  the  Minnesota.)    E. 
part  of  Bloomingtoh. 

By  far  the  larger  portion  of  this  town  is  prairie,  lying  in  the 
northeastern  portion.    Along  the  southern  side  the  bluffs  of  the 
18 


Digitized  by 


Google 


138  QEOLOGIOAL  ABTD  NATURAL  HISTOBY 

Minnesota  river  are  rarely  rocky,  but  nsually  turfed  and  frequently 
timbered.  The  bottom  lands  sometimes  embrace  large  water  areas, 
and  are  very  wide,  the  bluffs  running  from  one-half  mile  to  a 
mile  from  the  river  channel.  The  timber  is  generally  light,  except 
a  small  area  in  the  northwest  comer  of  the  town.  The  town  has 
several  small  lakes  in  the  tplands. 

T.  28,  R.  24  W.  OF  4th  Pein.  Mbr.    Central  part  of  Richfield 
and  northern  part  of  Minneapolis. 

The  central  and  northern  portions  of  this  town  are  rolling,  and 
contain  numerous  lakes,  such  as  Wood,  Grass,  Mother,  Amelia, 
€alhoun,  Harriet,  Diamond,  Pearl,  Rice,  Duck  and  Mud.  This 
rolling  tract  is  crossed  by  Brown  Creek  (now  known  as  Minnehaha 
Creek).  Toward  the  northeast  and  southeast  are  patches  of  level 
prairie. 

T.  29  N.,  R.  24  W.  of  6th  Fein.  Mbe.    E,  part  o/ Minneapolis. 

This  town  embraces  the  city  of  Minneapolis,  on  both  sides  of 
the  river,  and  the  Falls  of  St.  Anthony.  The  largest  part  of  the 
town  is  flat,  and  the  southeastern  portion  contains  prairie  belts, 
particularly  on  the  west  side  of  the  Mississippi  river,  within  the 
ancient  drift  bluffs  of  the  river.  The  western  portions,  and  a 
small  area  in  sees.  1  and  12,  are  rolling  and  timbered,  with  lakes. 
There  are  also  small  areas  of  swamp,  the  largest  being  east  of  the 
Mississippi  river  in  sees.  12, 13  and  24.  Bassett's  Creek  breaks 
the  surface  in  the  central  part  of  the  town  on  the  west  side  of  the 
river,  entering  the  Mississippi  about  a  mile  above  the  Falls.  Mag. 
var.  9%  39*  to  11%  20'. 

Towns  115  and  116  N.,  R.  21  W.  of  6th  Fein.  Mee.     (Fract.) 
W.  part  <2f  Bloomingtoh,  and  S.  W.  part  of  Richfield. 

This  embraces  a  little  prairie  tract  in  the  southern  portion,  and 
several  lakes  in  the  northern,  but  it  is  mostly  undulating  and  tim- 
bered. The  Minnesota  blufis  bound  it  on  the  south,  but  they  are 
not  rocky.  They  rise  about  150  feet  above  the  river.  In  the 
northern  portion  are  some  high  drift-knoUs.  Anderson  lake  is 
the  principal  body  of  water.    Mag.  var.  10°  to  12°,  30'. 

.  Towns  117  and  118  N.,  R.  21  W.  5th  Fein.  Mee.    (Fractional.) 
Ceystal  Lake,  tcith  parts  o/*  Minneapolis  and  Richfield. 

This  is  entirely  a  wooded  and  undulating  or  rolling  tract,  run- 
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ning  N.  and  S.,  about  2i  miles  wide,  and  east  to  the  Mississippi 
north  of  Minneapolis.  It  has  small  marshy  areas,  and  (me  irreg- 
ular patch  of  prairie  northwest  of  Minneapolis  city.  Mag.  y^tr. 
10%  5'  to  11%  63'. 

T.  119  N.,  B.  21  W.  6th  Pbik.  Mbb.    Bbooklyk. 

This  town  is  altogether  level,  except  in  the  southwest  comer, 
and  is  mainly  one  of  prairie.  The  scattered  timber  is  small. 
Pahner  Lake  is  in  Sec.  26,  and  through  it  runs  Shingle  creek,  which 
is  accompanied  by  some  marsh.  The  Mississippi  river  forms  the 
eastern  boundary,  but  the  bluffs  are  low  and  Consist  of  drift  only. 
A  belt  of  heavier  timber  skirts  the  river  in  the  northeastern 
portion  of  the  town.    Mag.  var.  10^  45'  to  12°  39'. 

T.  120  N.,  B.  21  W.  6th  Pedst.  Mbb.    E.  part  of  Champlik, 

There  is  a  small  area  lying  on  the  Mississippi  river,  having  a 
variety  of  surface,  flat  prairie,  timbered  bottom  land,  and  lightly 
timbeted  upland. 

T.  116  N.,  B.  22  W.  6th  Prik.  Mbb.    Edbn  Pbaibib. 

While  this  town  is  mainly  rolling  or  hilly,  with  lakes  and  some 
marshes,  and  heavily  timbered,  it  took  its  name  from  a  flat  prairie 
which  lies  in  the  southern  portion,  bordering  on.  the  Minnesota 
river,  including  the  bottom  land  and  a  belt  about  a  mile  wide  north 
of  the  bluffs.    Mag.  var.  10°  to  13°  6T. 

T.  117  N.,  B.  22  W.  6th  Pbik.  Mbb.    Miknbtonka. 

This  town  is  wholly  wooded  and  rolling,  some  parts  being  hilly. 
It  also  has  small  areas  of  marsh,  intervening  between  the  drift 
hills,  and  occasional  lakes,  the  largest  body  of  water  being  a  part 
of  Minnetonka  Lake,  from  which  flows  Little  FaUs  creek,  (known 
now  as  Minnehaha  creek,)  and  crosses  the  center  of  the  town 
easterly.    Mag.  var.  10°  9'  to  U°  45. 

T.  118  N.,  B.  22  W.  6th  Pbik.  Mbb.    Plymouth. 

This  is  also  a  rolling  and  timbered  town,  with  several  lakes  and 
tamarack  swamps.  Medicine  Lake  in  the  S.  £.  comer  is  the  largest 
body  of  water.    Mag.  var.  11°  21'  to  U°  45. 
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T.  119  N.,  R.  22  W.  6th  Pein.  Mbb.    Maplb  Gbovb. 

The  town  is  entirely  rolling  and  wooded,  except  a  small  portion 
in  sections  1,  12  and  13,  which  is  an  extension  of  the  Brooklyn 
prairie.  It  is  crossed  by  a  small  creek  running  N.  through  the 
center,  and  by  its  tributary  in  the  N.  W.  It  contains  several  fine 
lakes.    Mag.  var.  9^  45' to  12°  38'. 

T.  120  N.,  R.  22  W.  5th  Prin.  Mbb.    Dayton,  and  W.  paH  of 

Champlin. 

This  town  reseml^les  the  last,  but  borders  on  the  Mississippi 
river,  which  has  drift-banks  that  rise  about  100  feet  above  the 
river.  Crow  river  also  touches  it  on  the  north.  Mag.  var.  9°  45 
to  12°. 

T.  117  N.,  R.  23  W.  5th  Pbin.  Mbb.    Excblsiob,  and  part  of 
Mbdina,  and  part  of  Minnbtonka. 

About  one-half  of  this  tonvn  is  covered  with  water,  pertaining 
to  Lake  Minnetonka.  The  rest  is  rolling  and  heavily  timbered, 
with  occasional  marshes.    Mag.  var.  .11°  15'  to  13°  12*. 

T.  118  N.,  R.  23  W.  5th  Pbin.  Mbb.    N.  part  o/Mbdina. 

This  town  is  much  diversified  with  lakes,  marshes,  and  a  rolling 
surface.    It  is  entirely  wooded.    Mag.  var.  10°  20'  to  13°  12*. 

T.  119  N.,  R.  23  W.  5th  Pbin.  Mbb.    Cobooba^. 

A  wooded,  rolling  town,  with  frequent  small  marshes  and  two 
or  three  lakes.    Mag.  var.  10°  40*  to  11°  45'. 

T.  120  N.,  R.  23  W.  5th  Pbin.  Mbb.  (S.  of  Crow  River.)  Hassan. 

This  is  a  wooded,  rolling  town,  similar  to  the  last,  but  has 
Crow  river  along  its  northern  boundary.  Mag.  var.  9°  13*  to 
11°  30'. 

T.  117  N.,  R.  24  W.  5th  Pbin.  Mbb.    Minnbtbista. 

This  is  a  rolling  timbered  town  embracing  a  part  of  Lake  Min* 
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netonka,  and  several  smaller  lakes,  as  well  as  numerous  marshes. 
Mag.  var.  10°  40'  to  18°  12'. 

T.  118  N.,  R.  24  W.  5th  Prik.  Mbb.    Iin)BPHin)BNOB. 

This  is  a  rolling  timbered  town,  dotted  with  small  marshes  and 
lakes.    Mag.  var.  10°  6'  to  12°  Sff. 

T.  119  N.,  R.  24  W.   6th  Pbin.  Mbr.    (S.  of  Crow  River.) 

Gbeenwood. 

Crow  river,  which  crosses  this  town,  separates  Greenwood  from 
Wright  county.  It  is  in  every  respect  similar  to  those  already 
described.    Mag.  var.  10°  26'  to  10°  12'. 

Soil  and  Timber, 

The  most  of  the  county  has  a  close,  clay  soil  of  a  grayish  color. 
This  is  particularly  the  case  in  the  heavily  wooded  portion.  At 
least  three-quarters  of  the  county  are  embraced  under  this  descrip- 
tion. The  soil  pi  the  eastern  quarter  of  the  county  is  more  sandy. 
The  change  from  clay  to  sand,  while  in  general  taking  place  along 
the  boundary  line  already  defined  under  the  head  Surface  Features, 
still  is  not  always  abrupt.  It  is  always  accompanied  by  a  change  of 
timber  species.  In  the  clay  land  are  found  sugar  maple,  elm,  bass, 
butternut,  and  a  variety  of  others^  while  in  the  sandy  or  loam  cov- 
ered portions  are  found  only  oaks  and  aspens  which  generally  are 
ako  quite  small.  The  belt  containing  this  small,  sparse  timber  runs 
north  and  south  across  the  eastern  p6rtion  of  the  county  covering 
the  eastern  part  of  Maple  Grove,  the  eastern  part  of  Plymouth, 
the  western  part  of  Minneapolis  and  the  central  portions  of  Rich- 
field and  Bloomington,  with  isolated  areas  in  Minnetonka  and 
Eden  Prairie.  This  feature  in  the  forest  of  the  county  gradually 
dies  out  toward  the  east,  and  most  noticeably  after  passing  the 
boundary  between  the  rolling  surface  and  the  fiat  land  along  the 
Mississippi ;  the  coiyitry  becoming  nearly  a  continuous  and  open 
prairie.  Throughout  this  belt  of  sparse  and  small  timber  there 
are  occasional  large  bur  oaks  on  the  uplands,  and  also  occasionally 
gigantic  black  oaks,  with  charred  trunks,  in  clusters,  having  no 
other  company  than  an  undergrowth  of  oak  bushes.  There  are 
also,  in  the  bottom  land  along  some  of  the  ravines,  occasional 
trees  of  elm  or  bass.    The  eastern  boundary  of  the  heavily  tim* 


Digitized  by 


Google 


142  OBOLOGICAL  AND  NATUBAL  HI8T0BT 

bered  rolling  area,  with  a  distinctiyely  clay  soil,  strikes  the  Missis- 
sippi river  about  three  miles  southeast  of  Dayton. 

The  following  species  of  trees  and  shrubs  are  known  to  grow  in 
the  county.  The  trees  are  named  in  the  estimated  order  of  abun- 
dance: 

American  Elm.    Ulmas  Americana,  L.    {PI.  Cloyt.)  WUld. 

Bass.    Tilia  Americana,  L. 

Sugar  Maple.    Acer  saccharinnm.     Wang, 

Bed  Oak.    Qaercns  robra.    X.  (?)  • 

Bntteront.    Jnglans  clnerea.    L. 

Bar  Oak.    Qoercns  macrocarpa.    Michx* 

Bed  Elm.    Ulmns  itdva.    Michx. 

Soft  Maple.    Acer  mbrom.    L, 

Bittemnt.    Caryaamara.    NuU, 

White  Ash.    Fraxlnns  Americana.    X. 

Black  Oak.    Qaercns  tlnctorla.    Bart,    (?) 

Ironwood.    Ostrya  Virginica.    WUld* 

Black  Ash.    Frazlnna  aambacifoUa.    Lam» 

Wild  Plam.    Prnnus  Americana.    Mar$h* 

Jane-berry.  A melanchler  Canadensis.  Vat.  Botryapiam.  Ton.  d  Or, 

American  Crab-Apple.    Pyros  coronaria.    L* 

Aspen.    Popalns  tremaloides.    MUhx. 

Tamarack.    Larix  Americana,    i^hx. 

Box  Alder.    Negando  aceroides.    JfosncA. 

Great-toothed  Poplar.   Popnlas  grandidentata.    Mkihx, 

Black  Cherry.    Pranos  serotina.   Ehr* 

Cottonwood.    Popnlas  monUifera.   AU* 

Water  Beech.    Carpinns  Americana.    Michx. 

Wmow.    iSalix.)  * 

Hackberry.    Celtis  occidentalis.   L* 

White  Birch.  Betalaalba.    Far.  popallfolia.    Spach.  (?) 

White  Oak.    Qaercos  alba.    L* 

Bed  Cedar.    Janlperoj  Virginiana.    L. 

White  Pine.    Pinns  Strobas.    L, 

A  few  trees  of  white  pine  occnr  on  Minnehaha  creek,  and  at  Dayton. 

Shrubs  and  Woody  Vines. 

Virginia  Creeper.    Ampelopsis  qninqnefolia.    Mehx. 

Bittersweet.    Celastras  scandens.    L. 

Frost  Grape.    Yitis  cordlfolia.    Miehx. 

HaseL    Corylns  Americana.    WaU* 

Smooth  Snmac.    Bhns  glabra.    L. 

Wild  Bed  (Therry.    Prnnas  Pennsylvaidca.  L. 


Digitized  by 


Google 


SUBYET  OP  MINNB60TA.  143 

Wolf-berry.    Symphorlcarpns  occidentalis.    B,Br, 

Black-cap  Raspbeny.    Rnbos  occidentalis.    £•  ^ 

High  Blackberry.    Rabas  vlllosas.    AU. 

Red  Raspbeny.    Rnbos  strigosns.    JUlchx. 

Choke  Cherry.    PniDiis  VlrgiDiana.    L. 

Thorn.    CrataBgna  coccinea.    L, 

Rose.    Rosa  lacida.    Ehr. 

Prickley  Ash.    Zanthoxylam  Americanum.    MU. 

Staghom  Snmac.    Rhus  typhlna.    X. 

Wnd  Rose.    Rosa  blanda.    AU. 

Bonnd-leayed  Cornel.   Comas  circinata.    L*H$r. 

Common  Elder.    Sambacns  Canadensis.    L* 

High-bush  Cranberry.    Vibamam  Opalos.    L. 

Black  Currant.    Ribes  floridnm.    X. 

Alternate-leaved  Cornel.    Comas  alterni/blia.    L. 

Panided  Cornel.    Corons  pauicnlata.    L*Her. 

Red-osier  Dogwood.    Corans  stolonifera.    Mkhx* 

Speckled  Alder.    Alnns  incana.     WUld. 

Sheep-berry.    Vibumom  Lentago.    JL 

Elder.    Sambncns  pnbens.    JURchx. 

Honeysnckle.    Lonicera  parviflora.    Xam. 

Honeysuckle.    Lonicera  cfliata.    MuM* 

Yellow  Honeysuckle.    Lonicera  flaya.    Sitns* 

Kinnlkinnick.    Coraus  sericea.    L. 

Dwarf  Cornel.    Ck>raus  Canadensis.    L. 

Prickly  wild  Gooseberry.    Ribes  Cynosbati.    X. 

Smooth  wild  Gooseberry.    Ribes  rotundlfolium.    Mkhx* 

Ninebark.    Splrsa  opulUblla.    £. 

Meadowsweet.    Spirsa  salidfblia.    L. 

THE  GBOLOGIOAL  STBUOTUBS. 

The  only  rocks  seen  in  actual  outcrop  within  the  county  are 
those  belonging  to  the  Trenton  limestone,  and  the  St.  Peter  sand- 
stone; but  the  Shakopee  limestone  (of  the  Lower  Magnesian  for- 
mation) is  seen  ijx  outcrop  at  Shakopee,  on  the  opposite  side  of 
the  Minnesota  river,  and  must  exist  in  the  immediate  blufiTs  of  the 
iiinnesota  river  in  the  south weitem  portion  of  the  county.  It  is 
very  likely  also  that  large  areas  of  the  Cretaceous  formation  exist 
within  the  county,  though  its  presence  is  only  known  by  the 
abundance  of  Cretaceous  debris  that  is  found  in  the  drift  through- 
out the  county.  The  geology  of  the  county  then  may  be  em- 
braced in  the  following  list  of  formations : 

1.    The  Drift  and  the  loess  loam. 

,  Digitized  by  VjOOQ IC 


144  QBOLOGIGAL  AND  NATURAL  HISTOBT 

2.  The  Cretaceons.  I 

3.  The  Green  Shales  and  Trenton  Limestone.  ^ 

4.  The  St.  Peter  Sandstone. 

5.  The  Shakopee  Limestone  (of  the  Lower  Magnesian.) 

The  respective  areas  of  the  Trenton,  St.  Peter  and  Lower  Mag- 
nesian, are  represented  on  the  accompanying  colored  map  of  the 
<^ounty,  so  far  as  those  areas  can  be  ascertained  or  estimated.  It 
must  be  borne  in  mind  that  there  are  no  outcrops  of  rock  in  the 
•county  except  along  the  valley  of  the  Mississippi  river,  and  that 
hence  the  boundary  lines  as  laid  down  are  not  intended  to  express 
anything  more  than  an  approximation  to  their  actual  positions. 

The  Shakopee  Limestone. 

The  reader  is  referred  to  earlier  reports  for  the  details  of  lithol- 
ogy  and  special  characters  of  this  limestone.  It  is  sufficient  here 
to  say  that  it  is  named  from  the  city  of  Shakopee,  in  the  Minne- 
sota valley,  where  it  was  first  recognized  as  a  different  limestone 
from  that  along  the  bluffs  of  the  Mississippi  river  below  Hastings; 
and  that  it  is  the  uppermost  member  of  the  Low.  Magnesian  series. 
It  lies  just  below  the  sandstone  which  is  seen  at  the  Falls  of  St. 
Anthony,  and  is  known  as  the  ^^Kasota  stone"  among  builders 
when  wrought  at  Kasota,  a  few  miles  above  Shakopee,  in  the  Min- 
nesota valley.  It  is  strictly  an  arenaceous  dolomite  of  a  buff  color 
varying  to  pinkish,  or  "fawn-colored,"  as  described  by  Feather- 
atonhaugh.  Its  thickness  is  about  seventy  feet.  There  is  no 
known  outcrop  of  it  within  the  limits  of  Hennepin  county,  but  it 
certainly  underlies  a  belt  of  territory  running  northward  from 
Shakopee  and  Bloomington,  toward  Dayton,  through  the  central 
part  of  the  county.  Were  it  not  for  the  heavy  covering  of  drift, 
it  might  be  expected  in  outcrop  about  the  shores  of  Minnetonka 
Lake. 

• 
The  St.  Peter  Sandstone — Its  Area. 
P 

This  well  known  formation  is  seen  in  the  bluffis  of  the  Missis- 
sippi river  at  and  below  the  Falls  of  St.  Anthony  to  the  mouth  of 
the  Minnesota,  and  exists  also  in  the  Minnesota  river  bluffis 
for  several  miles  above  Fort  Snelling ;  though,  for  reasons, 
which  pertain  to  the  history  of  the  Minnesota  river  and  its  age  as 
compared  with  that  of  the  Mississippi  in  this  vicinity,  it  is  but 
rarely  exposed  in  the  bluffs  of  that  river  above  Fort  Snelling. 
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The  slopes  from  the  upland  to  the  river  level,  along  the  Minne- 
sota, are  uniformly  smoothed  over  by  the  drift,  and  are  turfed  or 
wooded ;  but  the  descent  from  the  ijpland  to  the  river  along  the 
Mississippi,  above  Fort  Snelling,  is  perpendicular  and  rocky,  the 
river  running  in  a  canon-like  gorge.     Owing  to  a  dip  of  the  rocks 
toward  the  ecist,  the  St.  Peter  sandstone  is  brought  above  the  level 
of  the  Mississippi  at  points  above  the  Falls  of  St.  Anthony,  within  . 
the  immediate  river  valley.     On  the  east  side  of  the  river  it  out- 
crops along  Main  street,  and  is  struck  by  digging  wells  at  points 
farther  north  and  6ast.    It  underlies  a  belt  of  country  running 
north  and  south  across  the  county,  next  east  of  that  of  the  Shak- 
opee,  which  is  probably  about  six  miles  wide.     In  the  vicinity  of 
the  Falls  of  St.  Anthony  the  St.  Peter  is  also  caused  to  be  the 
surface  rock  by  the  cutting  through  of  the  over-lying  Lower 
Trenton  by  the  ancient  drainage-courses  of  the  Mississippi,  or  of 
its  tributaries.     Thus  there  is  a  break  in  the  continuity  of  the 
Trenton  where  Bassett's  creek  enters  the  Mississippi,  above  the 
falls.     That  stream  runs  at  no  point  over  the  Trenton  limestone, 
but  over  the  St.  Peter  sandstone.     The  valley  in  which  it  lies  was 
cut  by  some  more  powerful  force  than  the  creek  itself,  and  perhaps 
by  the  Mississippi  river  before  the  last  drift  epoch.    At  that  time 
the  Mississippi  must  have  reached  the  Minnesota  valley  at  some 
point  above  Fort  Snelling,  without  running  over  the  Trenton 
limestone  at  all,  and  hence  without  causing  any  falls.     The  width 
of  the  St.  Peter  area  in  the  immediate  river  valley,  above  the  fallSj 
as  compared  with  that  in  the  same  valley  helow  the  falls  j  considered 
in  connection  with  the  Basse tt's-creek  St.  Peter  area,  clearly 
points  to  the  ancient  continuation  of  the  Mississippi  valley  south- 
ward by  the  way  of  Bassett's  creek,  to  the  Minnesota,  instead  of 
by  way  of  Fort  Snelling.     There  is  another  break  in  the  over- 
lying Trenton  on  the  east  side  of  the  river,  leaving  the  St.  Peter 
as  the  surface  rock,  in  a  low  tract  of  land  in  the  First  Ward, 
northwest  from  the  Cemetery.     This  low  area  is  crossed  by  the 
Branch  Line  of  the  St.  Paul  &  Pacific  railroad  longitudinally. 
This  area  of  the  St.  Peter  becomes  quite  narrow  near  the  St. 
Anthony  Junction,  but  rapidly  widens  out  toward  the  south  and 
east,  so  far  as  can  be  judged  from  the  topographical  features  and 
from  information  gathered  from  dug  wells.     Just  how  far  this  St. 
Peter  area  extends  south  under  the  extensive  peat  marsh  which 
covers  a  large  tract  in  that  direction,  it  is  impossible  to  say  ;  but 
the  Trenton  replaces  it,  at  the  surface,  within  a  mile,  since  it 
occupies  the  river  bluffe  uninterruptedly  from  Fort  Snelling  to  the 
19 
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Falls  of  St.  Anthony,  and  since  Tuttle's  brook  passes  over  it  in 
joining  the  Mississippi  near  the  University. 

Its  LUhological  Characters. 

The  outward,  and  also  the  chemical,  characters  of  this  sandstone, 
in  Minnesota,  are,  so  far  as  seen,  remarkably  constant  and  simple. 
It  is  white,  "saccharoidal,"  friable,  non-fossiliferous,  (or  almost 
so,)  and  consists  almost  entirely  of  pure  quartz  sand.  It  contains 
not  enough  lime  to  act  as  a  cement,  and  hence  can  almost  every- 
where be  excavated  even  with  the  fingers.  On  exposed  surfaces, 
as  along  the  bluffs  of  the  Mississippi,  where  dripping  water  passes 
over  it,  the  grains  become  more  firmly  cemented  together  by  de- 
position of  carbonate  of  lime  and  iron  oxide,  and  its  delicate  white- 
ness is  lost.  Indeed,  wherever  water  in  the  smallest  quantity  is 
allowed  to  trickle  through  it,  a  deposit  of  iron  oxide  is  invariably 
seen,  since  rarely,  if  ever,  is  any  surface  water  found  entirely  firee 
from  that  impurity. 

The  thickness  of  the  St.  Peter  at  the  Falls  of  St.  Anthony  is 
164  feet  as  developed  by  a  drilled  well  sunk  at  E.  Minneapolis  in 
1874-5;  but  that  is  considerably  more  than  it  is  accredited  with  at 
points  further  south.  At  Chatfield,  in  Fillmore  county,  it  is  122 
feet  in  thickness,  and  in  the  S.  W.  part  of  Houston  county  it  is 
but  75-80. 

The  St.  Peter,  operating  in  conjunction  with  the  overlying 
Trenton  limestone,  is  the  immediate  cause  of  a  great  many  water- 
falls.    The  Falls  of  St.  Anthony  are  caused  by  the  passage  of  the 
Mississippi  from  the  limestone  on  to  the  sandstone.     The  latter, 
worn  away  at  the  foot  of  the  fall  by  the  retro-action  of  the  water, 
leaves  the  limestone  projecting  to  fall  down  in  heavy  blocks  as 
fast  as  it  becomes  too  feeble  to  support  further  its  own  weight. 
This  protecting  cap  of  limestone  extends  but  a  few  rods  above  tke 
present  brink  of  the  falls;  and  had  it  not  been  that  vigorous  mecis- 
ures  were  taken  a  few  years  since  for  its  protection,  it  is  very- 
probable  that  ere  this  the  falls  themselves  would  have  disappeared., 
or  changed  to  a  foaming  rapid,  thus  destroying,  or  greatly  damag- 
ing, one  of  the  most  important  water-powers  of  the  world.     Thie 
first  alarm  was  occasioned  by  the  effect  of  the  water  of  the  river- 
in  running  through  an  artificial  tunnel  in  the  underlying  St.  Peter 
sandstone,  and  the  collapsing  of  large  areas  of  the  limestone. 
The  water  was  immediately  excluded  from  the  tunnel,  the  sancl* 
stone  behind  the  waterfall  was  protected  from  the  retro-action  of 
the  water,  and  a  wall  or  dike  of  concrete  or  beton  was  construct-^<i 
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under  the  river  in  the  sandrock,  and  below  the  limerock,  crossing 
the  Mississippi  a  short  distance  above  the  brink  of  the  falls.  This 
wall  of  concrete  has  a  width  of  four  feet  and  extends  downward 
from  the  limerock  to  below  the  bottom  of  the  river,  below  the  falls. 
The  chief  object  of  this  dike  is  to  cut  off  all  streams  of  water 
from  running  in  the  St.  Peter  and  so  perforating  it  and  eroding  it 
as  to  cause  the  downfall  of  the  limerock.  A  number  of  such 
streams,  some  of  considerable  size,  were  found  to  be  passing 
through  the  sandrock,  having  entered  it  from  the  river  at  points 
above  the  limit  of  the  limerock.  Being  under  considerable  hydro- 
static pressure  their  force  of  erosion  on  the  sandrock  was  greater 
than  ordinary  surface  streams  of  the  same  size.  One  such  stream, 
or  sheet,  of  water  was  struck  by  Mr.  Franklin  Cook,  in  sinking  a 
drilled  well  into  the  sandrock  at  a  point  within  the  gorge  some 
distance  below  the  falls,  when  the  water  rose  at  once  above  the 
surface  and  has  continued  to  flow  ever  since. 

No  fossils  have  b^n  taken  from  this  sandstone  in  Hennepin 
county  ;  indeed,  the  only  trace  of  organic  structure  known  to 
have  been  found  in  it,  in  the  entire  northwest,  consists  of  a  species 
of  lAngidepiSj  obtained  in  Fillmore  county^  and  described  in  the 
report  on  that  county,  in  1876. 

The  Trenton  Limestone, 

This  formation,  as  it  occurs  in  Minnesota,  comprises  three  main 
parts.  The  lowest,  only,  can  be  seen  generally  in  Hennepin 
county,  though  that  next  above  exists  also,  and  is  struck  in  wells 
at  some  distance  back  from  the  river.     Those  parts  are — 

The  Upper  Trenton. 
The  Green  Shales. 
The  Lower  Trenton. 

The  Gtreen  Shales  are  often  called  soapstonej  but  they  do  not  con- 
tain the  mineral  constituents  of  soapstone,  and  should  not  have 
that  name.  They  are  about  20  feet  in  thickness,  but  being  rather 
soft  and  easily  covered  up,  they  are  hid  by  the  overlying  drift  or 
loam  at  nearly  all  points  along  the  river  bluffs.  Within  the  shales 
are  often  thin  lenticular  layers  of  very  fossiliferous  crystalline 
limestone,  the  upper  and  lower  surfaces  of  which  are  literally 
covered  with  fossils  in  a  fine  state  of  preservation,  but  firmly 
bound  to  the  limestone  layers.  There  are  also  fossils  distributed 
throng^h  the  shales  themselves,  which,  on  the  weathering  of  the 
shaledy  wash  out  in  perfect  preservation.     Orthis  Lynx,  Rhyn- 
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chcndla  capax  and  Chaetetes  Lycoperdwt,  are  the  most  common  in 
such  conditions  ;  but  on  the  slabs  of  limestone  that  weather  out 
of  the  shales  are  often  a  great  many  minute  fossil  forms  of  encrust- 
ing corals,  as  well  as  other  species  of  brachiopods.  The  Green 
Shales  may  be  seen  at  Finn's  Glen,  about  three  miles  below  the 
Falls  of  St.  Anthony,  on  the  east  side  of  the  river,  where  a  little 
stream  enters  the  Mississippi. 

The  Lower  Trenton  is  tpyically  that  which  occurs  at  the  Falls  of 
St.  Anthony,  and  thence  in  the  bluffs  of  the  Mississippi  to  St. 
Paul.  It  has  generally  the  following  alternation  of  parts  in 
descending  order : 

1.  Impure  limestone 9-12  feet. 

2.  Calcareoas  shale 4-  6  feet. 

8.    A rgillaceoas  limestone 15  feet. 

The  above  are  the  main  distinctions  as  seen  in  Hennepin  county. 
The  characters  of  No.  1  are  not  always  uniformly  distributed 
through  the  whole  thickness  designated,  but  they  are  apt  to  fade 
out  downward  being  replaced  by  some  of  the  characters  of  No.  2  ; 
which  also  exhibits  a  tendency  to  pass  gradually  into  the  rock  of 
No.  3.  On  the  other  hand,  there  is  very  generally  a  thin  stratum 
of  shale  exactly  like  the  most  of  No.  2,  under  the  limerock,  and 
lying  on  the  St.  Peter  sandstone. 

The  following  more  special  section  will  show  the  alternations 
referred  to,  as  they  appear  at  the  quarry  of  E.  Malony,  on  the 
east  side  of  the  river,  below  the  University,  at  Minneapolis  : 

Section  of  tlie  Trenton  below  the  Univei'sity. 

No.  1.— Impure  limestone,  cij^stalline,  rongh  to  the  tonch,  hard,  bat 
splitting  to  thin  lenticolar  chips  nnder  the  weather.  This  is  of 
a  bine  color  within,  but  on  exposed  surfaces  becomes  a  dirty 
buff.  The  grain  is  close,  except  for  the  cavities  resulting  ftom 
absorbed  fossils.  The  flragraents  into  which  the  stone  weathers 
out  are  brittle  and  somewhat  sonorous.  It  is  very  fossiliferous 
especially  with  Strophornena  deltoidea.  It  also  has  Arequently, 
associated  with  this,  Strophomena,  a  species  of  Orthis,  which  is 
perhaps  coatcUis,  species  of  Murchisoniat  Leperditia,  Udmondia, 
and  occasionaUy  of  Asaphus.  Thickness  not  ftiUy  exposed ;  seen 
about 8  ft. 

No.  2.— Similar  to  the  last,  but  graduaUy  becoming  more  impure  with 
shale,  the  fossils  being  gathered  more  into  sheets  or  layers, 
making  mere  calcareous  belts r. . .     2  ft. 
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No.  8.-~GreeB  shale,  calcareous,  weatheriDg  blue,  with  bot  few  fossils. 
OccasloDslly  Is  foand  a  large  specimen  of  Endoceras  magniven- 
tnim,  H.,  In  this  shale,  the  form  only  being  preserved,  sur- 
rounded  by  a  thin  black  film  of  bltaminoos  matter 4  ft.  8  in. 

No.  4.— The  last  passes  gradoally  into  a  calcareoos  shale  resembling 
the  well-known  bnilding  rock  of  this  place,  in  which  still  there 
are  few  distingnishable  fossils.  This  stone  is  sometimes  nsed 
for  rough  walls,  or  in  protected  positions.  It  is  markedly  set 
off  fh>m  the  rock  below  by  a  projecting  shoulder  formed  by  the 
upper  portion  of  No.  5 2  ft.  4  in. 

No.  6. — ^The  building  stone  of  this  place,  and,  St  Paul.  This  stone  is 
rather  too  argillaceous  to  be  a  reliable  building  material,  yet  is 
extensively  used.  The  shale  is  intimately  disseminated  through 
the  calcareous  layers,  without  showing  regular  lamination,  yet 
causes  a  mottled  or  blotched  color  over  the  surflu^es  when  cut 
or  broken.  The  darker  spots  are  shaly ;  the  lighter  ones  are  more 
purely  calcareous.  The  color  of  the  whole  is  blue,  which  makes 
H  have  the  appearance  of  strength  and  durability  when  placed 
in  a  structure.  The  fbssil  remaiat  in  this  member  are  apt  to 
be  comminuted,  so  as  to  be  wholly  undlstinguishable,  yet  some- 
times large  specimens  of  Endoceras  magnivenUrumy  H.,  are  found 
in  the  layers.  Rarely  also,  on  separating  the  layers  in  quarry- 
ing, a  rock-surface  is  disclosed  that  is  eminently  fossilifergus 
with  forms  of  Bhynchonellacapax^  Orthis,  and  other  brachiopods 
and  incmsting  corals.  This  is  the  principal  and  most  constant 
member  of  the  Lotoer  Trenton.    Thickness  about ••••... 15  ft. 

^o.  tf. — Blue  shale,  parting  conchoidally  under  the  weather,  lying  on 

tbe  St.  Peter  sandstone.    Seen 2  ft. 

Total 84  ft. 

The  section  exposed  at  tbe  quarries  on  the  east  side  of  the  river, 
at  MizLneapolis,  is  essentially  the  same  as  the  foregoing,  viz. : 

No.  1. — **  Gray  rock" ....• 8  ft. 

No.  a. — ••Soft stone," (shale) 6  ft. 

lo.  S. — ''Blue  stone" 14  ft. 

Bo.  4. — Slatyclay 2ft. 

1^  5. — W^bite  sandrock  to  the  river ..25  ft. 

About  one  block  above  the  railroad  bridge  over  the  Mississippi, 
il  Bfinjieapolis,  the  line  of  strike  of  the  limerock  from  the  north 
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runs  down  to  the  river,  but  probably  crosses  the  river  considerably 
further  down — but  a  short  distance  above  the  Falls.   On  both  sides 
of  the  river,  above  the  Falls,  the  strike  diverges  from  the  actual 
river  channel,  and  passes  inland,  nearly  parallel,  however,  with 
the  river,  and  extends  some  miles  northwest ;  but  below  the  Falls 
the  line  of  strike  is  very  near  the  river,  and  indeed  constitutes  the 
bluff  of  rock  which  encloses  the  gorge.    The  valley  occupied  by 
Bassett's  creek  is  wider  and  deeper  cut  in  the  rock  than  that  of  the 
Mississippi  below  the  Falls,  as  may  be  seen  more  clearly  by  con- 
sulting the  accompanying  map,  but  the  line  of  strike  of  the 
limerock,  along  the  creek,  and  along  the  river  above  the  mouth  of 
the  creek,  is  covered  by  the  loam  deposit,  which  is  liot  the  case 
below  the  Falls  to  Fort  Snelling.     Below  Fort  Snelling  the  Mis- 
sissippi bluifs  are  again  covered  and  masked  by  the  loam.    Above 
the  Falls  the  line  of  the  edge  of  the  limerock  forms  a  terrace 
ascent  facing  the  river,  and  about  one-half  a  mile  from  it,  and  can 
be  traced  by  this  means  on  the  west  side  of  the  river  northward 
to  Shingle  creek,  where  it  bears  westwardly  away  from  the  river, 
along  the  south  side  of  the  creek  and  becomes  lost  by  reason  of 
the  prevalence  of  the  drift ;  on  the  east  side,  at  about  the  same 
distance  from  the  river,  it  runs  northwardly  across  the  blocks  of 
the  Second  Ward  and  diagonally  northeastwardly  across  the  blocks 
of  the  First  Ward,  and  returns  upon  itself  toward  the  Junction  of 
the  St.  Paul  &  Pacific  R.  R.     Further  east  another  area  of  the 
Low.  Trenton  approaches  the  river,  and  its  line  of  strike  forms  a 
similar  terrace  which  extends  northward  tp  the  line  of  Anoka 
county  and  beyond.    It  is  exposed  and  worked  in  one  or  two 
quarries  situated  exactly  on  the  Anoka  county  line,  northwest  of 
Sandy  Lake,  near  the  railroad.    It  is  evident*  from  its  weathered 
condition  and  stained  color,  although  still  buried  under  the  loam, 
that  it  has  been  subjected,  at  this  point,  and  also,  all  along  tHe 
terrace-like  ascent  that  it  forms,  on  either  side  of  the  river,  abo^e 
the  falls,  to  the  action  of  water,  and  alternating  sub-aerial  agencies, 
for  a  long  period  of  time,  and  that  perhaps  it  was  the  water  of  the 
river,  in  times  prior  to  the  glacial  epoch  that  stained  and  shattered 
it.     Indeed  it  is  with  some  difficulty  recognizable,  as  the  same  rook 
that  forms  the  falls  at  St.  Anthony,  without  a  knowledge  of  its 
stratigraphical  continuity  ;  this  is  especially  true  of  the  quarries 
near  Sandy  Lake  on  the  east  side  of  the  river. 

There  is  a  gentle  dip  in  the  layers  of  Lower  Trenton  at  Minne* 
apolis  foward  the  southeast.  At  the  lower,  or  iron,  bridge  it  i^ 
very  slight,  hardly  perceptible  ;  at  the  falls  it  is  about  an  inch  ixi. 
one  hundred  feet ;  it  increases  soon  to  three  or  four  inches  in  oib.« 
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hundred  feet,  and  at  Central  Avenue,  on  the  east  side  of  the  river, 
it  is  about  five  feet  in  one  hundred  feet.  This  dip  causes  the  rock 
to  rise  from  under  the  river  and  into  the  river  banks,  finally  run- 
ning in  the  country,  as  already  stated,  half  a  mile  or  more  from 
the  river,  and  more  than  fifty  feet  above  it.  The  .dip  of  five  feet 
in  one  hundred  at  Central  Avenue  is  a  little  away  from  the  river, 
so  that  sewers  will  not  empty  themselves  unless  they  are  run  at 
rariance  with  the  dip.  It  does  not  continue  of  the  same  amount 
but  decreases  northwardly,  else  the  layers  could  not  lie  at  the  level 
they  6ccupy  where  quarried  at  points  in  the  north  part  of  the  city. 
This  change  may  be  gradual,  or  there  may  be  a  fault,  or  break,  at 
some  point  in  E.  Minneapolis,  north  of  Central  Avenue.  The  St. 
Peter  sandrock  is  exposed,  above  the  level  of  the  river,  above  the 
falls,  near  the  upper  bridge,  in  E  Minneapolis  ;  and  on  the  west 
side  of  the  river,  at  the  mill-pond  at  Shingle  creek,  two  miles  north 
of  the  limits  of  the  city. 

On  the  west  side  of  the  river  the  strike  of  the  limerock,  above 
the  falls,  leajres  the  river-bank  about  halfway  between  the  railroad 
bridge  and  the  mouth  of  Bassett's  creek,  sweeping  round  on  the 
south  side  of  the  creek  so  as  not  to  cross  it,  nor  to  be  visible  in 
its  banks.  It  is  quarried  in  the  lumber  yard  opposite  Boom  Island, 
but  turns  from  their  rapidly  toward  the  west  and  south,  barely 
extending  north  of  Sixth  Avenue,  North.  It  re^crosses  the  rail- 
road between  Fourth  and  Fifth  streets,  and  follows  the  line  of  the 
road,  but  a  block  or  two  south  of  it,  to  the  crossing  of  Hawthorne 
Avenue  where  it  turns  abruptly  ,to  the  eastward,  and  southward 
along  the  north  side  of  the  lake  in  the  Seventh  Ward ;  but  whether 
it  continues  in  the  same  direction  further  than  Nicollet  Avenue, 
or  bears  more  to  the  southward  is  unknown.  The  "hardpan" 
ridge  crossing  the  south  end  of  the  Seventh  Ward  indicates  the 
proximity  of  the  strike  of  the  Lower  Trenton  along  the  south  side 
of  the  same  lake,  which  would  require  an  abnipt  change  of  direc- 
tion, again  to  the  westward,  or  the  existence  of  a  separate  area  of 
Trenton  rock  lying  toward  the  southwest.  On  the  north  side  of 
Bassett's  creek  is  another  Trenton  area,  the  eastern  edge  of  which 
enters  the  city  limits  from  the  north,  about  one  block  east  of 
Lyndale  Avenue  in  a  southwestward  course,  crosses  Lyndale 
Avenue  between  Twenty -third  and  Twenty-fourth  Avenues  N., 
passes  through  blocks  5,  6,  7,  and  8  toward  the  south,  and  again 
across  Lyndale  Avenue  between  Sixteenth  and  Seventeenth  Av- 
enues N.  It  crosses  Plymouth  Avenue  two  blocks  east  of  Lyn- 
dale, and  on  reaching  the  valley  of  the  creek  it  turns  westward, 
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but  its  location  cannot  be  further  definitely  traced  owing  to 
the  prevalence  of  the  drift,  and  the  fact  that  the  surface  becomes 
one  of  a  generally  rolling  character.  It  is  tolerably  certain  that 
it  does  not  cross  the  valley  of  Bassett's  creek,  but  sweeps  round 
by  the  west  and  north  and  unites  with  itself  along  the  south 
side  of  Shingle  creek,  about  two  miles  north  of  the  city  limits. 

The  intimate  connection  which  the  features  and  position  of  the 
Lower  Trenton  areas  bear  to  the  Post-Tertiary,  about  the  Falls  of 
St.  Anthony,  has  led  to  a  more  careful  study  of  history  of  the 
drift,  and  some  further  allusion  to  this  formation  will  be  found 
under  the  head  of  The  Drift. 

The  Cretaceous. 

Although  the  Cretaceous  tn  situ  has  not  been  seen  in  Hennepin 
county,  it  deserves  to  be  named  among  the  formations  of  the 
county  on  account  of  the  important  and  conspicuous  part  it  takes 
in  the  composition  of  the  drifk,  and  the  strong  probability  that  it 
does  exist  in  horizontal  strata  below  the  drift  in  much  of  the 
western  portion  of  the  county.  There  is  no  portion  of  the 
county  in  which  pieces  of  lignite  from  the  Cretaceous  have  not  been 
discovered ;  and  throughout  the  rolling  area,  where  the  drift  is  a 
close  clay,  the  color  of  the  whole  mass  is  frequently  perceptibly 
tinged  with  green.  Not  infrequently  pieces  of  green  shale  a  foot 
or  more  in  diameter  are  met  with  along  the  cuts  by  the  roadside 
particularly  in  the  western  part  of  the  county — disintegrated  and 
ready  to  separate  on  the  least  disturbance.  These  of  course  could 
not  have  been  far  transported  by  the  drift;  forces.  The  drift  itself 
is  greatly  thickened  by  Cretaceous  debris,  and  is  conspicuously  free 
from  foreign  stones  and  boulders  of  a  more  enduring  nature.  No 
other  Cretaceous  debris  than  pieces  of  green  fissile  shale  and  of 
black,  lignite  has  been  recognized,  and  from  these  no  fossils  h^ye 
been  taken. 

Seventeen  years  ago  there  was  some  excitement  in  the  vicinity 
of  Dayton  over  a  reported  discovery  of  coal,  about  two  miles  west 
of  the  village,  in  Wright  county,  by  a  man  named  Charles  Wil- 
liams. Upon  visiting  the  place,  the  excavation  was  found  to  con- 
sist of  two  shaftis  sunk  in  the  drifk,  now  nearly  refilled.  About 
the  place  the  drift  thrown  out  shows  nothing  but  drift;  clay  with 
pebbles  of  all  kinds  and  colors.  One  is  said  to  have  been  about 
eighty  feet  deep.  The  general  belief  now  is  that  all  the  coal  that 
was  found  was  brought  for  the  purpose  from   St.  Paul,  as  the 
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owner,  aiPter  vainly  attempting  to  sell  his  land,  placed  a  heavy 
mortgage  on  it  and  abandoned  the  country,  allowing  the  sale  of 
the  land  for  the  mortgage.  There  is  certainly  now  n,o  evidence  of 
the  existence  of  coal,  or  lignite,  in  the  vicinity,  though  there  are 
traces  of  the  Cretaceous  in  the  drift  which  points  to  the  netp: 
proximity  of  its  layers.  There  is  also  a  reported  exposure  of 
"  slate"  in  a  ravine  a  mile  or  so  beyond,  but  it  could  not  be  found. 


SO 
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K0TB8  ON"  THE  DEEP  WELL  DRILLED  AT  EAST  MINNEAPOLIS,  MINTJ., 

IN  1874—1875. 

(From  t?ie  Bulletin  of  the  Minnesota  Academy  of  Natural  Scier^ces  for  1875.) 

BY  N.  H.  WINCHKLL. 

The  accompanying  diagram  of  the 
strata  passed  through,  with  the  desig- 
nations of  the  strata,  was  furnished  by 
Col.  J.  B.  Clough,  City  Engineer,  in 
whose  charge  the  work  was  put  by  th^ 
City  Council  when  money  was  appro- 
priated to  aid  the  enterprise.  This 
occurred  at  the  depth  of  about  1,000 
feet. 

No.  1.  This  sand  is  the  well-known 
loess  loam  of   the  Mississippi  bluffs. 
Though  it  is  represented  here  as  hav- 
ing a  thickness  of  42  feet,  it  shows  less 
than  one-half  that  thickness  along  the 
river  bluff  opposite  the  site  of  the  well, 
less  than  15  rods  distant.    It  is  here 
underlain  by  a  heavy  deposit  of  boul- 
der-clay  drift.    It  is  presumable  that 
this  boulder-clay,  which  is  itself  rather 
sandy,    was    penetrated   without    the 
knowledge  of  the  workmen,  since  it  is 
seen  to  extend  as  far  from  the  river  as 
the  site  of  the  well  along  Central  Ave- 
nue and  on  other  streets,  and  is  struck 
uniformly  over  the  East  Division   of 
the  city  in  digging  wells  at  the  depth. 
of  ten  to  twenty  feet. 

No.  2  is  the  Lower  Trenton  Lime^ 
stone,  embracing  some  layers  of  green 
shale,  and  is  that  which  causes,  in  con« 
junction  with  the  St.  Peter  sandstone 
(No.  3,)  the  FaUs  of  St.  Anthony. 

No.  3  is  known  as  the  St.  Pet^r^ 
Sandstone.  Its  thicknes,  as  here  de- 
veloped, is  greater  than  observed  at 
any  other  point  in  Minnesota.  It  is 
generally  accredited  with  a  thickness 
of  about  125  feet,  but  here  shows  164 
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feet.     It  is  a  purely  white  sand  with  very  slight  cement  and  very 
little  variation  in  texture  or  grain. 

No.  4  is  known  as  the  Shakopee  Limestone.  It  has  been  placed  as 
the  uppermost  member  of  the  great  Lower  Magnesian  Forma- 
tion of  Dr.  D.  D.  Owen,  but  perhaps  the  St.  Peter  should  be 
regarded  as  the  uppermost  member  of  that  formation.  Its  color  here 
appears  to  be  nearly  the  same  as  seen  at  Kasota,  where  it  is  largely 
wrought  and  sold  under  the  name  of  Kasota  Stone.  Its  thickness, 
102  feet,  is  greater  than  has  been  observed  at  any  other  point 

No.  5  is  designated  a  gray  limestone,  with  a  thickness  of  16  feet. 
It  is  a  new  feature  in  the  lithology  of  the  Lower  Magnesian,  and 
may  belong  to  the  Shakopee. 

No.  6.  Below  the  gray  limestone  is  a  white  sandstone,  similar 
to  the  St.  Peter  above,  with  a  thickness  of  116  feet.  This  can  be 
identified  as  the  Jordan  Sandstone,  so  named  from  Jordan  village 
on  the  Minnesota  river,  above  Shakopee,  where  it  was  first  recog- 
nized as  a  distinct  portion  of  the  Lower  Magnesian. 

No.  7,  which  is  here  denominated  a  blue  shale  having  a  thick- 
ness of  128  feet,  has  not  before  been  recognized  as  a  distinct 
portion  of  the  Lower  Magnesian.  It  occupies  the  place,  in  order 
of  stratification,  of  the  St.  Lawrence  Limestone,  but  is  not  so 
thick. 

No.  8  is  likewise  an  unknown  stratum. 

No.  9,  in  like  manner,  has  never  before  been  discovered.  It  is 
highly  probable  that,  taken  together,  Nos.  7,  8,  9  and  10  are  the 
actual  equivalents  of  the  St.  Lawrence  Limestone  in  point  of  strati- 
fication, modified  in  character  and  increased  in  thickness  by  prox- 
imity to  the  ancient  Laurentian  belt  that  lies  but  few  miles  further 
north.  This  would  indicate  the  early  origin  of  the  Minnesota 
spur  of  the  old  Laurentian  belt  or  nucleus  of  North  America, 
as  a  shore  line  along  which  shale  and  sand  were  accumulated  at 
the  same  time  that  limestone  was  being  formed  at  points  more 
remote  in  deeper  water. 

No.  10  pertains  to  the  same  horizon,  and  bears  a  stronger  resem- 
blance to  the  St.  Lawrence. 

Nos.  11,  12  and  13  represent  the  St.  Croix  Sandstone,  but  it  is 
of  less  thickness  than  where  seen  in  the  Mississippi  bluflfe. 

No.  14  may  represent  the  "  Lingula  flags,"  or  the  upper  portion 
of  the  Potsdam  Sandstone. 

No.  15  was  rather  clayey  to  be  designated,  unqualifiedly,  a  sand- 
stone. It  is  undoubtedly  the  upper  portion  of  the  great  series  of 
marls  and  sands  that  characterize  this  horizon  in  Minnesota,  as 
made  known  by  Dr.  Owen,  and  by  him  and  others  referred  to  the 
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age  of  the  Lower  Potsdam  Sandstone  of  New  York.  It  seems  to 
be  the  same  formation  in  which  the  salt  well,  drilled  at  Belle 
Plaine,  stopped  at  the  depth  of  710  feet,  though  much  less  com- 
pact than  where  it  is  exposed  at  the  surface  in  southwestern 
Minnesota.  It  is  the  same  formation  as  the  rock  that  embraces 
the  well-knOwn  "pipestone  "  or  Catlinite  of  Minnesota. 

The  TJnivbrsitt  of  Minnesota, 

Minneapolis,  May  25,  1876. 

The  Drift. 

In  Hennepin  county  this  deposit  appears  under  still  other  features 
than  those  reported  from  more  southern  counties,  and  consid- 
erable light  is  thrown  on  the  history  of  that  interesting  epoch  of 
geological  history.  Three  important  &cts  respecting  it  can  now 
be  considered  pretty  clearly  established. 

1st.  There  are  two  distinct  glacial  or  hardpan  deposits  in  Hen- 
nepin county. 

2d.  The  limit  of  the  ice  and  moving  drift  of  the  latter  was, 
toward  the  east,  not  far  from  the  present  line  of  the  Bfississippi, 
between  Minneapolis  and  Fort  Snelling,  passing  between  Minne- 
apolis and  St.  Paul. 

3d.  The  Falls  of  St.  Anthony  hare  receded,  since  the  last 
glacial  epoch,  or  since  the  retirement  of  the  lake-like  expanse  of 
water  that  filled  the  Mississippi  valley,  reducing  the  river  more 
nearly  to  its  present  size,  only  from  the  mouth  of  the  Minnesota, 
at  Fort  Snelling,  a  distance  of  about  nine  miles. 

The  facts  on  which  these  conclusions  are  based  may  be  grouped 
under  three  heads,  as  follows : 

1^^  Detailed  ohservatiom  on  the  composUim  of  the  drift. 
2nd.  The  geographical  distribution  of  the  different  parte. 
9rd.    The  gorge  below  the  falls. 

1.  Detailed  observations  on  the  composition  of  the  drift  in  the 
vicinity  of  the  FaUs  of  St.  Anthony. 

Section  1.    At  the  FaUs  of  St.  Anthony,  near  the  river. 

The  drifk-bank  has  been  considerably  excavated  near  McAlester 
College  on  the  east  side  of  the  river  for  use  in  the  repairs  on  the 
Falls  by  the  United  States  Engineers.    As  the  point  of  excavation 
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changes,  thus  successively  revealing  different  parts  of  the  bank, 
the  nature  of  the  whole  may  be  ascertained.  A  common  general 
section  is  as  follows: 

No.  1.    Loam • • 8  ft.  to  6  ft. 

No.  2.    Stones  and  boulders,  rounded,  sometimes  with  a 

considerable  thickness  of  sand 5  ft.  to  15  ft. 

No.  8.    Red  hardpan  clay,  with  stones  and  boalders,  lying 

on  the  rock • 10  ft.  to  20  ft. 

In  a  few  places  along  this  excavation  the  color  of  No.  3,  is  not 
so  distinctly  red  or  copper-colored.  It  seems  to  be  lighter,  as  if  it 
had  been  mingled  with  hardpan  of  a  later  date  which  in  much  of 
the  county  is  seen  to  overlie  the  red  hardpan.  This  shading  of 
color  pertains  only  to  the  upper  portion  of  the  deposit.  There 
are  also  places  along  the  same  bank  where  the  light-colored  or  gray 
hardpan  was  depc^dted  in  considerable  quantities,  and  still  re- 
mains, and  as  the  oank  recedes  a  little  from  the  river  this  light- 
colored  hardpan  occupies  the  inner  and  lower  portion  of  the  main 
slope  in  such  a  way  as  to  hide  the  red  entirely,  and  give  a  false 
impression  of  its  having  replaced  it.  In  other  places  it  is  seen  to 
lie  directly  on  the  red. 

By  further  and  more  detailed  examination  of  the  same  bank  the 
foregoing  No.  2  is  seen  to  become  separated  into  two  or  three 
pretty  constant  parts.  It  is  sometimes  clayey,  and  of  a  gray 
color.  It  is  sometimes  entirely  made  up  of  gravel  and  sand  with 
belts  of  boulders,  the  alternation  of  parts  being  in  general  expres- 
sed by  the  following : 

Section  2.  Detailed  Section  at  the  Falls  of  St.  Anthony^  near  the 
river. 

1.    Loam • • 8  to   6  feet. 

2(a).    The  gray  sand  and  gravel. ..  • 0  to  10  feet. 

2  rb).    The  gray  stones  and  boulders • 1  to  10  feet. 

2.    The  gray  hardpan • Oto   6  feet 

8(a).    The  red  sand  and  gravel 0  to  10  f^t. 

d(b).    The  red  stones  and  boulders • • 1  to    2  feet. 

8.    The  red  hardpan 10  to  25  feet. 

There  are  three  main  parts  or  members.  No.  1  is  never  want- 
ing. No.  2  is  always  seen  as  far  as  this  excavation  is  concerned, 
but  its  subordinate  parts  are  not  always  all  present.  Very  often 
2  (a)  and  2  (b)  are  the  only  portions  seen;  and  in  other  places  2 


Digitized  by 


Google 


158  GEOLOGICAL'  AND  NATURAL  HI8T0B7 

(a)  is  wanting,  the  only  thing  that  separates  No.  1  from  No.  3 
being  No.  2  (b).  Of  No.  8,  the  red  sand  and  gravel  may  be  absent, 
but  in  no  case  has  the  line  of  red  stones  and  boulders  been  found 
wanting.  The  red  hardpan.  No.  3,  is  the  most  conspicuous  por- 
tion of  the  whole,  and  is  always  present,  rising  sometimes  by  alter- 
nations with  No.  2,  (gray  hardpan  to  near  the  top  of  the  l;^luff.) 
There  is  in  that  case  always  a  loam  (No.  1)  overlying,  and  a  simi- 
lar mixture  of  red  stones  and  boulders  with  gray,  immediately 
overlying  the  red  hardpan.  The  gray  hardpan  at  this  point  is 
quite  unimportant  as  a  member  of  the  bank,  but  it  is  found  to 
embrace  very  large  boulders,  not  only  of  granite,  but  also  of  the 
Lower  Trenton  formation.  Its  color  is  very  marked  in  contrast 
with  the  red  hardpan.  The  stones  in  it  have  the  appearance  of 
.  glaciation.  The  red  hardpan  at  this  place  has  not  been  seen  to  etn- 
brace  apiece  of  the  Lower  Trenton.  Its  boulders  are  usually  small, 
rarely  exceeding  ten  inches  in  diameter,  while  the  bulk  of  it  has 
only  stones,  less  than  four  inches  in  diamet6r,'3'and  of  a  red  color 
and  quartzitic  composition.  ^^  Greenstone"  as  a  boulder  is  also 
common  in  the  red  hardpan.  The  iron  in  it,  which  causes  the 
color,  is  peroxide,  non-hydrated.  The  iron  in  the  gray  hardpan  is 
hydrated. 

The  drift  surface  on  the  hlnSs  along  the  northeast  side  of  the  river, 
at  Minneapolis,  shows  no  gray  hardpan.  The  blufifs  rise  about  one 
hundred  feet,  average,  higher  than  the  top  of  the  foregoing  section 
and  consist,  so  far  as  seen,  of  red  clay  and  gravel.  Toward  the 
southeast,  where  the  St.  Paul  and  Pacific  B.  R.  passes  out  of  the 
valley  of  the  Mississippi,  the  characters  of  the  gray  and  red  are 
mingled  at  first  in  an  overlying  stratum  of  gravel  and  sand,  but 
before  reaching  St  Paul  the  gray  has  entirely  disappeared  so  that 
in  the  bluffs  at  that  place  the  drift  is  all  red  clay,  or  sand,  gravel 
and  boulders  derived  from  red  clay,  the  whole  having  a  character- 
istic prevailing  red  color.  There  are  places  where  the  shales  of 
the  Trenton  have  stained  the  drift  clay  at  St.  Paul,  but  those  are 
low  in  the  valley  and  near  the  river.  The  country  generally  at 
St.  Paul  and  thence  to  Stillwater,  on  the  St.  Croix  river,  fifteen 
miles  east,  on  the  Wisconsin  boundary,  is  everywhere  covered 
only  with  the  red  drifk.  This  statement  is  made  without  regard 
to  the  loam  which  is  found  very  generally  over  this  portion  of  the 
state.  Within  the  valley  of  the  Mississippi  at  St.  Paul  the  upper 
portion  of  the  drifk  is  affected  by  the  mingling  of  gray  and  red. 
The  following  observations,  made  in  St.  Paul,  belong  to  this  gen- 
eral class  of  facts. 
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Section  3.     On  Sibley  street ,  in  St.  Paul. 

No.  1.    Loam 2  feet. 

No.  2.    Stones  and  grayel,  mostly  limestone,  also  boalders,  large 

stones,  sloping  to  tbe  SB.  and  £ 12  feet. 

No.  8.    Sand  and  gravel  in  beds  irregularly  alternating  with  No.  2. 

Some  beds  of  gravel  are  two  feet  thick 10  feet. 

No.  4.  Stones  and  gravel.  In  this  are  some  northern  boolders 
and  limestone  pieces,  also  pieces  of  green  shale ;  the 
large  stones  sloping  E.  and  SE •••    20  feet. 

No.  6.    Ked  sand,  horizontally  and  somewhat  obUqnely  stratified, 

often  fine  and  clayey •••••      8  feet. 

No.  6.    Bed  hardpan,  seen • •••• 12  feet. 

No.  6  above  is  often  of  the  color  of  common  red  brick,  and  is 
very  hard  and  compact.  The  stones  in  it  are  apt  to  be  small. 
The  upper  portion  at  least  shows  in  some  instances  a  kind  of  lam- 
ination which  still  holds  stones  and  is  very  sandy.  In  other 
places  it  passes  into  No.  6  gradually.  But  there  is  a  very  sudden 
and  marked  transition  from  No.  4  to  No.  5,  showing  plainly  a  dis- 
tinct deposit  and  a  different  origin.  The  iron  in  No.  4,  and  all  above 
is  hydrated,  giving  the  whole  a  yellowish-gray,  or  olive  cast,  but 
although  No.  5  consists  of  sand,  and  will  admit  water  as  freely  as 
No.  4,  it  has  only  the  red  color  of  non-hydrated  peroxide  of  iron. 
Hence  the  cause  given  for  the  color  of  the  iron  and  of  the  drift 
(and  generally  accepted)  as  in  Ohio,  in  contrasting  the  upper  and 
lower  portions,  is  not  applicable  here.  Nos.  2,  3  and  4  make  sub- 
stantially one  great  deposit,  and  may  come  from  the  disintegration, 
under  glacial  water,  of  the  usual  clayey  drift-sheet  in  the  act  of 
deposition — as  the  whole  locality  is  in  a  low  spot  in  St.  Paul  where 
the  Trenton  is  broken  down  by  some  great  drainage  force.  The 
boulders  and  stones  in  No.  6  are  generally  of  metamorphic  rock, 
there  being  but  very  rarely  a  piece  of  limestone.  What  pieces  there 
are  of  limestone  are  of  some  foreign  formation  not  evidently  of 
the  Lower  Trenton.  The  stones  in  No.  4  are  nine-tenths  of  them 
from  the  Lower  Trenton. 

Descending  from  Sibley  street  toward  Wacouta  street,  and  so 
toward  the  general  centre  of  the  tributary  valley  in  which  these 
excavations  are  made,  Nos.  2,  3  and  4  gradually  taper  out  and 
become  no  thicker  than  three  feet,  and  other  deposits  replace  them 
uncomformably  thus. 
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Section  4,  bettceen  Waeouta  and  Sibley  streets,  St.  Paul. 

No.  1.    Loam .: 2to4feet- 

No.  8.    Horizontally  stiatifled  yellow  clay,  varying  to  bine 

near  the  bottom,  with  no  stones  nor  gravel*  •  •  •  •  •  2  to  6  feet. 

No.  8.  The  same  as  Noe.  9,  8  and  4  of  the  last  section,  di- 
minishing in  thickness  from  25  td^t  to  2  feet  where 
it  rans  ander  the  above  No.  2,  towards  the  lower 
portion  of  the  valley..* 26  ft.  to2ftet 

No.  4.  The  same  as  No.  5  of  the  last  section,  red  and 
clayey,  showing  obliqae  stratification  along  the 
right  ot  the  cat,  bat  horixontal  along  the  left;  at 
the  extreme  right  hand  passing  downward  into 
No.  6— the  red  hardpan • 10  feet 

No.  6.    Stony,  red  hardpan,  seen 5teet. 

No.  2  becomes,  at  the  crossing  of  Waeouta  street,  about  16  feet 
thick,  and  continues  horizontally  bedded,  but  with  a  gentle,  gen- 
eral slope  toward  the  N.  E.  or  toward  the  centre  of  the  valley.  Its 
lower  portii^n  also  changes  to  a  quicksand.  The  gravel  and  sand 
of  No.  3>  of  the  last  section,  lie  sometimes  on  No.  5  without  the 
intervention  of  No.  4.  The  limestone  masses,  as  well  as  the 
granite  boulders  in  No.  3  have  their  angles  rounded  and  decom- 
posed, some  masses  even  falling  to  pieces  in  the  process  of  digging, 
though  this  is  of  course  due  largely  to  the  quality  of  the  rock. 
They  are  all  water-worn  and  stained,  rather  than  glaciated.  The 
limestone  masses  are  generally  changed  in  color  through  and 
through,  as  if  having  been  water-soaked  in  contact  with  air,  or 
alternately  in  contact  with  air  and  water,  for  a  great  many  years. 
They  are  not  blue  and  fresh  as  water-soaked  specimens  are  &om  a 
quarry,  nor  so  well  preserved  as  masses  seen  along  the  gorg^  below 
the  Falls  of  St.  Anthony.  There  are  spots  below  Waeouta  street 
where  this  member  (No.  3)  becomes  clayey,  making  a  gray  stony 
hardpan,  resembling  that  which  covers  the  western  part  of  Henne- 
pin county,  but  still  very  gravelly  and  stony.  This  character 
does  not  rise  above  the  lowermost  two  feet,  so  far  as  seen  in  the 
excavations  on  Waeouta  and  Sibley  streets.  Below  Waeouta 
street  the  thick  clay  (No.  2  of  the  last  section)  is  seen  lying  bdow 
a  layer  of  stones  and  gravel,  and  this  position  can  be  traced  in  the 
opposite  bank  to  some  distance  above  Waeouta  street,  the  clay 
gradually  becoming  thinner  till  it  allows  tha  overlying  gravel  and 
stones  to  come  into  contact  with  those  of  No.  3,  the  only  remain- 
ing difference  between  the  upper  and  lower  parts  being  then  a  dif- 
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ference  in  thraw^  or  slope,  of  the  larger  stones,  as  noted  in  Section 
3.  It  is  supposed  to  be  the  equivalent  of  the  brick-clay  at  Minne- 
apolis, at  Lake  Minnetonka  and  at  Carver,  though  it  does  not 
everywhere  make  brick  of  the  same  color.  It  lies  directly  on  the 
gravel  and  stones  of  No.  3,  with  a  sudden  transition,  indicating 
some  great  and  sudden  change  in  the  force  depositing  the  material, 
followed  again  by  a  revival  of  the  former  drainage  force,  giving 
origin  to  the  overlying  course  of  stones  and  gravel.  It  is  wholly 
embraced  within  the  period  of  deposit  of  the  gray  or  later  drift. 

The  exposures  within  the  Mississippi  valley  at  St.  Paul  may  be 
summarized  in  a  general  way  as  follows  : 

Section  No,  5.     Summarized  section  of  the  drift  within  the  valley  at 

St.  Paul. 

1.  Loam ' ,...    8  to  10  feet. 

r  2  (a).    Gray  sand,  gravel  and  stones 0  to  10  feet. 

2     I  2  (b).    Fine,  laminated  bine  brick-clay 0  to  16  feet. 

I  2  (c).    Gray  sand,  gravel  and  stones 20feet. 

2.    Gray  bardpan 2  feet. 

8  (a).    Fine,  laminated  red  sand  or  clay,  tbe  Tripoli  of 

Stillwater 0  to  10  feet. 

8  (b).    Red  bardpan 10  to  20  feet. 


{, 


Outside  of  the  valley  of  the  Mississippi  near  St.  Paul,  and  within 
the  limits  of  the  city,  the  general  aspect  of  the  drift  is  red,  partic- 
ularly toward  the  east,  the  red  hardpan,  pr  its  product,  the  red  sand 
and  gravel,  rising  to  the  tops  of  the  blufife,  the  foregoing  No.  2,  of 
the  general  section,  being  absent.  The  red  hardpan  is  sometimes 
locally  modified,  and  is  largely  converted  by  wash  and  drainage  to 
a  coarse  sand,  as  seen  in  the  cuts  near  the  St.  Paul  and  Pacific 
Junction  with  the  West  Wisconsin  Railroad.  Along  the  north 
bluffs  of  the  river  this  character  prevails,  overlain  by  a  thickness, 
usually  not  great,  of  No.  1.  *  ' 

At  three-quarters  of  a  mile  below  the  University  the  drift  at  the 
rim  bank  consists  as  follows  :' 

Section  6.     Three-quarters  of  a  mile  below  the  University. 

1.  Loam 5  feet. 

2.  Gravel  and  gravelly  clay 20  feet. 

8.    Bed  bardpan  to  tbe  rock,  perbaps 15  feet. 

At  Minneapolis,  near  the  west  end  of  the  lower  bridge,  the  drift 
21 
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consists  apparently  of  gray  hardpan,  7  feet,  without  any  trace  of 
the  older  red  drift.  The  same  is  true  at  the  stone  .quarries  about 
a  quarter  of  a  mile  further  S.  E. — thus  in  more  detail  at  the  quar- 
ries. 

Sectioti  7.     At  Bank's  Aretison's  quarry,  Minneapolis. 


1.  Loam 3  feet. 

2.  Gravel  and  stones,  the  latter  being  mostly  granitic,  bat  with  a  ^ 

few  pieces  of  limestone,  varying  to >  12  feet. 

S.    Stony,  gray  hardpan  clay ^      ^ 


Section  8.     Comer  of  Washington  avenue  afid  Sixth  avenue,  north, 

Minneapolis. 

1.    Loam,  stratification  not  evident;  apparently  passing  down- 
ward into  brick-clay 2to4  feet. 

3.    Brick-clay 1  to  4  feet. 

3.    Fine  sand,  lying  unconformably  ander  the  last lto4  feet. 

No.  1  contains  calcareous  concretions  as  large  as  peas  and  wal- 
nuts. It  cannot  be  said  to  merge  certainly  into  No.  2,  but  it 
seems  to.  The  stratification  of  No.  2  fades  out  gradually  upward, 
while  the  texture  and  composition  continue  somewhat  into  No.  1, 
becoming  also  yellow,  or  at  last  rich  brown  or  black  when  it  is 
termed  soil.  No.  2,  as  seen  in  this  exposure,  consists  of  a  long 
synclinal,  the  axis  running  nearly  north  and  south,  toward  the 
west,  so  lifted  as  to  disclose  what  it  lies  on,  (No.  3.)  It  is 
quite  calcareous,  showing  concretionary  lumps,  and  coatings,  and 
also  at  a  point  on  Fifth  street,  fresh  water  species  of  shells — though 
the  cut  there  may  be  more  nearly  the  equivalent  of  No.  1.  This 
section  shows  that  the  source  of  the  water  which  spread  the  brick 
clay  was  toward  the  west,  and  that  the  bottom  on  which  it  was 
spread  was  one  of  stratified  fine  sand  which  increased  toward  the 
west.  This  is  near  the  descent  to  Bassett's  creek,  and  over  the 
St.  Peter  sandstone,  (the  Trenton  having  been  broken  down,)  and 
that  stream  or  its  valley,  had  something  to  do,  probably,  with  the 
sudden  transition  seen  here  front  sand  to  brick  clay.  Although 
there  is  at  one  point  in  this  cut  an  agreement  in  direction  between 
the  strata  of  the  sand  and  those  of  the  clay,  yet  on  close  inspec- 
tion it  appears  that  the  clay  came  on  suddenly. 

At  the  yard  of  the  Union  Brick  Company  (Baxter,  Woodward 
and  M'Nair)  the  clay  is  yellow,  with  some  beds  of  fine  white  sand 
to  the  depth  of  about  eight  feet,  when  it  begins  to  show  blue. 
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Upward  here  it  becomes  a  clayey  loam.  The  strata  have  a  wavy 
outline,  synclinals  and  anticlinals  following  each  other  twice  in 
about  14  rods,  rising  and  falling  six  feet. 

At  Woodbury's  brickyard,  which  is  about  half  a  mile  west  of 
the  Union  Brick  Company's,  within  the  valley  of  Bassett's  creek, 
the  clay  is  underlain  by  a  quicksand  which  furnishes  water  that 
rises  to  within  twelve  feet  of  the  surface.  The  clay  is  about 
forty  feet  in  thickness  and  contains  thin  layers  of  sand,  inter- 
laminated,  which  becomes  white  oi^  drying.  The  upper  portion 
gradually  becomes  yellowish  by  exposure  and  the  hydration  of  the 
iron,  the  lo^er  portion  being  blue.  There  are  also  in  it  calcareous 
concretions  and  a  few  large  Unio  shells  which  are  very  fragile. 
This  clay  seems  to  occupy  the  valley  of  Bassett's  creek  generally. 
At  the  Sumner  School  house,  which  is  in  the  valley  of  this  creek, 
north  of  Woodbury's  yard,  after  drilling  through  this  clay,  over 
100  feet,  an  artesian  overflow  of  water  was  obtained. 

Passing  across  Bassett's  creek,  on  Western  avenue,  and  ascend- 
ing the  bluffs  on  the  west  side  of  the  creek,  the  drift  is  found  to 
consist  of  the  red  gravelly  hardpan,  covered  by  a  light  loamy  soil. 
The  surface  is  rolling,  with  frequent  springs  and  numerous  lakes. 

At  Richfield  P.  0.,  Minnehaha  creek  runs  about  35  feet  below 
the  general  level  of  the  country,  and  the  banks  are  composed  of 
gravelly,  gray  or  yellow  clay.  No  red  clay  can  be  seen.  But  at 
the  school  house  in  Richfield,  Sec.  18,  on  Minnehaha  creek,  the 
well,  dug,  disclosed  the  red  drift  clay  some  feet  below  the  surface. 
At  the  Edina  Mills  there  is  a  bank  of  drift,  composed  of  clay  and 
gravel  of  the  usual  gray  color,  containing  many  pieces  of  the 
Trenton  limestone. 

On  the  NW.  i  of  Sec.  8  (S.)  Crystal  Lake,  a  cut  in  the  Osseo 
road  shows  the  gray  and  red  hardpan  as  follows: 

Section  9.    NW.  i  Sec.  8  (5.)    Crystal  Lake. 

1.  Gray  or  yellowish  hardpan,  with  few  Cretaceous  pieces,  and 

some  boulders 8  feet. 

2.  Red  hardpan  passing  into  red  sand  and  gravel  below 6  feet. 

The  red  passes  into  the  yellow  by  a  series  of  blotches  interchang- 
ing one  with  the  other,  as  if  coarsely  mixed.  Even  between  the 
blotches  there  is  a  sudden  change  of  color.  When  the  line  of 
onion  is  not  broken  up  into  blotches  the  change  of  color  is  abrupt. 
The  late,  or  gray  hardpan  is  more  calcareous  than  the  older.  The 
appearance  of  the  red  drift  is,  as  if  there  had  been  a  lake,  or  at 
least  a  low  spot  in  it,  prior  to  the  deposition  of  the  gray. 
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In  Sec.  16,  Eden  Prairie,  a  cut  by  the  road  shows  the  red  drift, 
on  a  low  level,  but  five  or  six  feet  above  the  creek,  while  in  the 
higher  portions  the  gray  only  is  seen. 

Near  the  mill  at  Minnetonka  City  the  old  red  drift  can  be  seen 
in  a  little  excavation  by  the  road,  on  a  level  with  and  near  the 
creek.  It  is  overlain  by  a  course  of  stones  and  gravel,  in  which 
appears  a  piece  of  the  Trenton,  and  that  again  by  the  great  deposit 
of  the  gray  hardpan  generally  over  the  country. 

The  drift  knolls  at  Wayzata  are  of  the  brown  hardpan,  but  occa- 
sionally show  the  red  at  low  levels  where  cut  by  the  roads. 

About  the  west  end  of  Lake  Minnetonka  the  drift  is  very  clayey 
and  has  a  great  proportion  of  Cretaceous  materials.  The  water  of 
wells  is  very  hard. 

The  ridge  which  enters  the  corporate  limits  of  Minneapolis 
(Sec.  27)  is  a  spur  from  the  main  drift-bluff  running  along  the 
west  side  of  the  river.  The  most  of  it,  within  the  limits  of  the 
city,  is  of  gray  hardpan  and  gravel,  with  variations  toward  the 
west  and  northwest  toward  the  red  hardpan,  of  which  there  is  a 
considerable  area  extending  to  and  beyond  Cedar  Lake. 

Sec,  36,  Champlin.  The  rolling  land  begins  gradually,  the  tim- 
ber changing  also  gradually.  The  rolling  land  is  stony,  clayey  or 
gravelly,  with  patches  of  sand  as  revealed  in  wells,  and  some  places 
of  stratified  clays  near  the  flat  country.  The  stones  are  mostly  gran- 
itic, but  have  among  them,  also,  numerous  large  masses  of  light- 
colored,  fine-grained  dolomite,  which  are  burned  for  quick-lime. 
The  ridges  are  said  to  run  generally  S.  W.  and  N.  E.,  but  are  very 
irregular,  with  depressions  and  cross-ridges.  Water  is  easily  got 
in  wells  at  about  40  feet— sometimes  in  15  or  20. 

At  the  mouth  of  Elm  c^reek,  near  Champlin,  the  bank  is  exposed 
by  a  Becent  wash,  disclosing  the  composition  of  the  plain  on  which 
are  Osseoand  Brooklyn.  The  upper 'portion  of  the  bank,  includ- 
ing the  loam,  is  18  feet,  and  consists  of  coarse  sand,  with  gravel 
and  pebbles  obliquely  stratified,  the  whole  of  a  light  brown  color. 
The  lower  portion — 25  feet — consists  of  red  hardpan  which  con- 
tinues down  to  the  level  of  the  water  of  the  Mississippi. 

In  traveling  the  river  road  from  Champlin  to  Dayton,  a  very 
noticeable  change  occurs  in  the  nature  of  the  surface  drift,  before 
reaching  the  latter  place.  It  becomes  lighter  colored,  shaly  or 
ashy,  with  pieces  of  slate.  About  a  mile  below  Dayton  a  large 
freshet  wash  by  the  roadside,  wtere  a  creek  enters  the  Mississippi 
river,  shows  an  exposure  of  about  35  feet  of  pebbly  clay  of  a  light, 
gray  color,  with  pieces  of  slate,  and  an  occasional  boulder  near 
the  bottom,  underlain  by  a  stod  of  the  same  color,  20  feet  thick. 
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yarying  to  very  fine  or  clayey,  stratified,  which,  washing  out 
easily,  causes  the  downthrow  of  large  masses  of  the  clay,  both  in 
the  creek  gorge  and  along  the  river  bluff.  No  red  drift  is  visible. 
The  surface  about  is  rolling,  with  occasional  boulders. 

At  Dayton  the  general  character  of  the  surface  is  of  the  gray, 
or  ashen,  slaty,  rolling  hardpan.  Along  the  bank  of  Crow  river 
the  drift  is  exposed  in  a  good  section. 

Section  10.     At  Dayton. 

1.  Stratifled  fine  sand  and  clay 10  feet. 

2.  Bine  drift  hardpan 25  to  80  feet. 

3.  Red  drift  hardpan 8  to  10  feet. 

In  No.  2  are  many  fragments  of  Cretaceous  slate,  sidorite,  iron 
concretions,  (covered  with  gravel  and  cemented  by  iron  rust,) 
granitic  pebbles,  and  (Devonian  ?)  limestone  masses  which  have 
supplied  a  great  deal  of  quick-lime,  and  an  occasional  large  granite 
boulder.  In  No.  3  are  a  great  many  small  greenstone  and  quartzite 
stones,  and  but  few  that  are  large,  also  many  granitic  stones. 
Along  the  bank  of  the  river  a  piece  of  native  copper  about  the 
size  of  a  hickory-nut  was  found  by  James  Ream. 

At  the  old  bridge  on  Sec.  18,  Hassan,  or  a  few  rods  below  it,  on 
the  right  bank  of  Crow  river,  is  a  deposit  of  coarse  crag, 
three  feet  thick,  comprising  the  pebbles  and  stones  that  were 
washed  out  of  the  old  red  hardpan.  It  dips  a  little  to  the  east, 
and  shows  as  a  persistent  layer  for  30  or  40  rods,  causing  a  terrace 
in  the  surface  of  the  alluvium  of  the  flood  plain,  and  rising,  at  the 
bridge,  about  18  feet  above  the  river,  beyond  which  it  seems  to 
strike  inland  and  is  lost.  It  also  appears  on  the  opposite  side  of 
the  river  above  the  bridge.  In  the  opposite  direction  it  finally 
runs  down  to  the  level  of  the  river,  eastward,  and  disappears.  It 
has  been  used  by  Mr.  Hoag  for  underpinning  for  his  house. 

About  the  lakes  (Mother,  Amelia,  Calhoun,  &c.,)  the  country  is 
rolling,  but  is  less  so  toward  the  southeast  part  of  that  tract;  in- 
deed the  rolling  area  gradually  dies  away  into  the  plain  in  some 
parts  of  Richfield  so  that  its  eastern  margin  is  not  so  marked.  On 
the  plain  the  soil  and  the  subsoil  is  gravelly  or  sandy,  very  rarely 
stony.  The  same  is  true  of  the  rolling  tract  about  Diamond  Lake. 
There  are  no  stones  in  the  fields  nor  about  the  lake  shores.  This 
seems  to  indicate  the  agency  of  water  rather  than  of  ice  in  piling 
up  these  outer  knolls,  and  in  spreading  the  gravel  of  the  plain. 
Minnehaha  creek  has  a  gravelly  bottom  all  the  way  below  Rich- 
field, a£  least. 
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Through  sections  20  and  19,  in  the  southern  part  of  Blooming- 
ton,  the  hardpan  drift,  on  the  north  side  of  the  Ferry  road,  rises 
above  the  flat  on  which  the  road  runs,  with  the  appearance  of  a 
terrace,  and  is  wooded  with  oaks,  aspens  and  iron  wood.  For  some 
distance  thfe  terrace-like  level  on  the  surface  of  the  hardpan  is 
about  half  a  mile  north  of  the  road,  and  rises  about  40  or  50  feet. 
It  is  stony  with  occasional  boulders,  becoming  more  rolling  further 
north. 

At  Bloomington  Ferry  the  river  runs  near  to  the  hardpan  bank 
on  the  north  side.  The  bank  rises  140  feet  above  the  water  in 
summer.  Thisr  is  about  the  average,  the  top  of  the  hardpan  being 
of  irregular  outline.  This  includes  the  "terrace ' '  of  hardpan  men- 
tioned in  sections  20  and  19.  That  terrace  appears  to  approach 
the  river  here.  The  surface  farther  back  is  still  higher,  and  indeed 
continues  to  ascend  with  an  irregular  contour.  The  hardpan  is 
yellowish  brown  or  gray,  and  gravelly  near  the  top,  but  also  has 
aflFbrded  some  large  granite  boulders,  that  now  lie  in  the  street 
near  the  ferry,  and  others  that  are  on  the  beach  below  the  ferry. 
The  Minneapolis  and  Chaska  brick-clay  is  seen  also  at  the  ferry, 
and  some  years  ago  supplied  a  red  brick  seen  in  the  house  of  Mr. 
Chadwick.  Within  a  mile  and  a  half,  toward  Eden  Prairie,  the 
surface  rises  apparently  about  100  feet  higher. 

The  well  of  Mr.  J.  Miller,  N.  W.  i  sec.  9,  Crystal  Lake,  was 
dug  March,  1875,  by  Mr.  J.  G.  Sommers,  who  gives  the  following 
section : 

Section  11.    N.  W.  i  Sec.  9,  Crystal  Lake, 

1.  Loam 1  foot. 

2.  Yellow  hardpan,  with  little  stones 5to   6  feet. 

8.    **Blae  black  clay"  with  no  stones  nor  bedding;  <*ODe 

solid  mass."    This  had  sticks  at  diflSerent  depths,  and  . 

small  pieces  of  Cretaceous  coal,  but  positively  no  stones. 

Small  quantities  of  water  were  met  at  15  feet  below  the 

surface,  and  again  at  25  feet i.  45  feet. 

4»    Sand,  boulders  and  gravel,  all  mixed ;  clean,  with  no  clay. 

Some  of  the  boulders  being  very  large 8  feet. 

5.  Light  clay  (even  lighter  than  No.  2)  with  small  stones  but 

no  boulders ;  nothing  red  about  it 19  feet. 

6.  Mixed  stones  and  gravel ;  cemented 1  foot. 

7.  Sand  with  water 3  feet. 

8.  Blue  limerock ;  rough,  not  polished  nor  scratched ;  depth 
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At  Charles  Grotjann's  old  brickyard,  in  Upper  St.  Anthony, 
the  clay  contains  lumps  and  concretions  of  clay,  and  also  the  usual 
limy  concretions.  The  most  interesting  feature  at  this  point  is 
the  jamming  and  folding  to  which  this  otherwise'  regularly  lam- 
inated brick-clay  has  been  subjected.  There  is  a  thrust-up  place 
near  the  river,  at  the  brickyard,  which  shows  these  laminations 
crumpled  and  broken,  with  a  sudden  transition  upward  into  gravel 
and  sand,  which  is  unconformably  stratified.  This  might  possibly 
have  been  done  by  floating  ice  in  the  river  at  some  earlier  stage 
of  the  valley  when  the  river  may  have  covered  this  level  which  is 
15  or  18  feet  higher  than  the  usual  freshet  rise  of  the  water.  Yet 
it  hardly  seems  attributable  to  that  cause,  since  it  is  not  only  cov- 
ered with  the  loam,  which  is  referable  to  that  last  high  stage,  in 
undisturbed  continuity,  but  is  so  deeply  within  the  bank  that 
crowding  ice  could  hardly  reach  it.  The  terrace  flat  of  Upper  St. 
Anthony,  underlain  ,by  the  brick-clay,  is  25  feet  higher  than  the 
river. 

The  highest  drift  knolls  in  the  neighborhood  of  Minneapolis  are 
in  Anoka  county,  about  Sec.  24  Manomin,  in  the  neighborhood  of 
Sullivan's  and  Moore's  lakes,  but  east  of  them.  They  are  of  red 
drift  clay,  with  gravel  and  granitic  boulders,  yet  the  boulders  are  not 
80  common  as  might  be  expected  from  the  fact  that  these  areas  suf- 
fered the  exposure  and  surface  drainage  incident  to  the  last  glacial 
epoch.  The  soil  is  clayey,  and  loamy,  but  between  the  blufis  and 
the  river  are  extensive  sandy  flats.  Little  wet  spots,  even  lakes 
and  swales  which  never  become  dry,  lie  between  these  knolls.  These 
hills  continue  SE.  toward  Bower's  Lake  in  Ramsey  county.  The 
high  hill  north  of  and  near  Bower's  Lake  is  130  feet  higher  than 
the  NE.  comer  of  Moulton's  Nursery,  which  may  be  taken  as  an 
average  height  for  the  hardpan  drift  bluffs  along  the  east  side  6t 
the  river.  From  the  Nursery  to  the  foundation  of  the  University 
is  a  further  descent  of  110  feet;  thence  to  the  river  at  the  Univer- 
sity 137  feet,  making  a  total  descent  from  the  high  knolls  at 
Bower's  to  the  river  below  the  falls,  in  the  rapids  near  the  Uni- 
versity, of  377  feet. 

On  section  12,  Crystal  Lake,  near  the  mouth  of  Shingle  creek, 
in  digging  a  well  for  Mr.  J.  Kesler,  Mr.  0.  E.  Spear  found  a  stick 
as  large  as  his  wrist  in  a  blue  clay,  (the  brick-clay)  that  had  no 
stones  nor  gravel,  about  18  feet  beneath  the  surface. 

On  the  N.  E.  i  sec.  12,  Crystal  Lake,  at  Peterson  and  Swan- 
sen's  brickyard,  this  same  clay  is  manufactured  into  cream  colored 
brick.     It  is  obtained  in  the  immediate  river-bank,  and  runs  appa- 
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rently  beneath  the  river.    It  is  blue,  stoneless  and  horizontally 
stratified. 

Section  13.    N.  E.  i  Sec.  12,  Crystal  Lake,  at  Peterson  and  Swan- 
sen's  Bricjfyard. 

1.  Loam 8  feet. 

2.  Sand,  gravel  and  pebbles ;  stratified ;  sometimes  rusty 4  to  6  feet. 

8 .  Biick-clay ;  blue ;  horizontally  bedded 15  feet. 

4.  Slope  to  the  river;  apparently  clay 16  feet. 

An  ideal  section  of  the  right  bank  of  the  river  at  this  place, 
(near  the  mouth  of  Shingle  creek,)  would  be  as  shown  by  the  fol- 
lowing diagram.  This  is  based  on  the  observed  exposures  of  the 
various  parts  in  such  topographical  positions  as  indicate  its  cor- 
rectness : 
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The  above  figure  represents  the  brick-clay  as  lying  immediately 
on  the  St.  Peter  sandstone,  because  at  that  point  no  drift-clay  can 
be  seen  to  lie  between  them.  It  is  m6re  probable,  however,  that 
a  deposit  of  drift-clay,  perhaps  both  the  red  and  the  gray,  runs  be- 
low the  brick-clay,  as  seen  at  St.  Paul ;  or  at  least  that  such  a 
deposit  ante-dated  the  brick-clay,  though  sudsequently  perhaps 
entirely  swept  away. 

Further  information  concerning  the  drift  was  sought  for  in  de- 
velopments of  the  common  wells  throughout  the  country.  The 
following  table  shows  the  result : 


22 

'Digitized  by  VjOOQIC 


170 


GEOLOGICAL  AND  NATURAL  fflSTORY 


5  . 

n 

§* 

P  F     bed 
«  <5    "O  S 

•25     3« 


J§5  ^u^i. 


'qia*(i  ifnoj. 


::^ 


"IIPP  aqi  «1  ^e«d 


I 


^^S^a^S$g5i£SjSa;gzg3!^S^^j>r:gigs:5g^ 


Jb;  ^  00?!:  O  iTj  30  K  Q  o  » 


I  :  •  = 

d  t  ft 

-'Sis 


I 


i 


Digitized  by 


Google 


8DBVBT  OP  lONNESOTi. 


171 


J 


1 

.3 

6 


,1 


I 


•8 

h 


*  I-      m:      S  ?  s 
**5     -  -     *  •    = 

«i    i3    SI'S 


—    *  il  c  u  e 


»—    *  ii  c  u  a  -1 
. ->;ta^  t;  *  »  ^ 


t^^^ 


e  s  b  J 


l^--^^^    J 


g<=j  a  B  ^  S  ^-e  " 


^  5  5  »  a  o  c  «^ 


'^^d^a  wox 


ies;s:s:s;8S2Sgs)^!g{e£;s:$$:?9 


TPOJ  9^  n\  %99i     I 


:  :8  :  :° 


•Wjp  9m  ni  ^eej 


^s«;ss3s;sigssg^{§»s$s9;;sg 


i 


*  "S   '  s 


OS 

i 


ss^  : 
r  f  : 
if: 

*    J  =^^  > 

Is  -•■?!!" 


^^_  ^'J=- 

-  fe  3  o  O  E  J 

:  ::gp3  n^ -J  3D  !3Q 


fr  S  —  ^  w  >■ 


M 


2 


o 


Digitized  by 


Google 


172  GEOLOGICAL  AND  NATURAL  HISTORY 

2.     Oeographical  distribution  of  the  different  parts. 

(a).     The  red  hardpan. 

This,  which  from  its  position  must  be  regarded  the  oldest  of  the 
different  parts,  is  found  exclusively  in  the  eastern  part  of  the 
county,  and  thence  eastwardly  to  St.  Paul,  and  through  Washing- 
ton county  to  Stillwater.  It  seems  to  be  the  principal  deposit, 
rising  from  immediate  contact  with  the  indurated  rocks  to  the 
surface  of  the  country.  It  is  locally  modified  by  the  loss  of  its 
clay,  so  as  to  consist  almost  entirely  of  coarse  sand  and  gravel,  or, 
in  other  places,  of  stones  and  boulders.  Along  the  main  valleys, 
as  at  St.  Paul  and  at  Stillwater,  its  upper  portion,  to  the  thick- 
ness sometimes  of  twenty  feet,  consists  of  very  fine  clay,  which 
yet  seems  to  contain  a  large  per  cent,  of  silica,  (nearly  75  per  cent, 
according  to  Prof.  Peckham,)  the  whole  derived  doubtless  from  the 
gentle  washing  of  the  red  hardpan.  This  fine  red  clay  has  been 
referred  to  in  a  former  report  as  possibly  pertaining  to  the  Creta- 
ceous. Its  color  is  due  to  non-hydrated  ferric  oxide.  The  red 
hardpan  also  appears  on  the  west  side  of  the  river  at  the  surface 
of  the  drift,  and  constituting  its  principal  mass,  in  the  western 
part  of  the  township  of  Minneapolis,  in  the  rolling  tract  that  em- 
braces lakes  Calhoun  and  Cedar ;  also  northwardly  to  Bassett*s 
creek  ;  also,  with  some  modifications  in  much  of  the  townships  of 
Richfield,  Eden  Prairie  and  Minnetonka.  As  a  loam  covers  much 
of  this  part  of  the  county  it  is  not  possible  to  define  the  exact  limit 
of  its  distribution.  There  is  a  rolling  belt  of  small  timber,  (oaks 
and  aspens,)  that  extends  north  and  south  across  this  part  of  the 
county,  which  seems  nearly  to  coincide  with  the  s^iperficies  of  the 
old  red  drift  clay  on  the  west  side  of  the  river.  In  general  that  is 
the  timber  that  characterizes  it  on  the  east  ^de  of  the  river.  Even 
within  this  area  on  the  west  side  of  the  river  ^here  are  spots  where 
the  color  of  the  hardpan  is  modified  toward  the  gray  color  ;  and 
other  places  where  there  are  important  deposits  of  gray  hardpan 
overlying  the  red.  This  is  particularly  the  case  in  the  northern 
part  of  Minneapolis,  and  in  Crystal  Lake  townships,  covering  the 
locality  at  which  the  Mississippi  seems  to  have  been  deflected  from 
its  old  channel.  The  extensive  flat  in  eastern  Minneapolis,  Rich- 
field and  Bloomington  townships  is  also  underlain  by  this  red 
hardpan,  but  it  is  also  supplied  with  extensive  superimposed  gravel 
deposits,  as  well  as  with  patches  of  unmodified  gray  hardpan. 
The  gray  hardpan  may  be  seen  in  the  immediate  bluffs  of  the  river 
in  some  cases,  both  on  the  west  and  on  the  east  sides,  within  the 
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limits  of  the  city  of  Minneapolis,  but  the  red  is  found  to  lie  nearly 
everywhere,  under  this  flat  as  the  lowest  portion  of  the  drift.  The 
red  extends  under  the  gray  hardpan  an  unknown  distance  west- 
ward. It  is  seen  in  deep  valleys  and  excavations  along  the  central 
portions  of  the  county,  but  with  decreasing  frequency  toward  the 
west  and  northwest,  until  nothing  is  known  of  it^  at  least  within 
the  limits  of  Hennepin  county. 

(b)     The  Gray  Hardpan, 

This  covers  the  greater  part  of  the  county,  gradually  becoming 
thinner  toward  the  east  and  southeast.  Within  the  valley  of  the 
Mississippi  it  extends  at  least  to  St.  Paul,  found  in  the  depressions 
between  the  rock  bluflPs,  or  in  the  lower  depressions  in  the  old 
drift-surface.  In  those  areas,  however,  not  embraced  within  the 
river  valley,  nothing  has  been  seen  of  the  gray  hardpan  as  far  east 
as  St.  Paul.  The  gray  hardpan,  or  the  gravel,  sand  and  stones 
that  result  from  its  modification,  seems  to  be  spread  generally  over 
the  upper  flats  and  terraces  that  exist,  from  different  causes,  along 
the  river  below  the  Falls  of  St.  Anthony.  It  begins  to  be  mingled 
with  the  red  drift,  and  finally  to  cover  it  entirely,  within  the  limits 
of  Minneapolis.  The  conspicuous  ridge  of  hardpan  within  the 
city,  (sec.  27,)  is  of  a  gray  color,  but  it  blends  with  the  main  river 
bluffe  towaid  the  northwest,  along  the  west  side  of  Bassett's  creek, 
and  loses  its  distinctive  characters.  The  gray  color,  however, 
prevails  on  the  north  and  east  side  of  the  creek,  through  a  rolling 
tract  of  country,  and  into  Crystal  Lake  township^and  thence, 
uninterruptedly,  northwestwardly.  The  gray  hardpan  surface  is 
specially  characterized  by  heavy  timber,  particularly  after  passing 
olit  of  the  valley  of  the  Mississippi,  and  thus  beyond  the  area 
liable  to  its  modified  conditions.  It  is  observable  that  the  eastern 
line  of  the  Big  Woods,  properly  so-called,  (i.  e.  comprising  large 
trees  of  Sugar  Maple,  Bittemuts,  Elm,  Bass,  Oaks,  &c.,)  nearly  co- 
incides with  the  eastern  line  of  the  unmodified  gray  hardpan,  and 
approaches  the  Mississippi  river  at  Champlin,  actually  reaching  the 
river  bluffs  a  few  miles  below  Dayton.  This  line  may  be  said  to 
run,  in  general,  from  the  eastern  end  of  Lake  Minnetonka  to  Champ- 
lin. Whatever  gray  hardpan  is  found  to  the  east  of  that  line,  or 
to  the  southeast,  speaking  generally,  seems  to  have  been  mingled 
with  the  red,  and  to  have  lost  much  of  its  clay.  It  is  hence  often 
converted  to  a  gray  gravel  and  sand,  and  is  in  many  places  replaced 
by  red  hardpan  or  by  red  gravel  and  sand.  A  gray  gravel  which 
varies  to  a  hardpan,  is  spread  out  over  the  flat  on  which  Minne- 
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apolis  stands.     This  is  covered  by  the  loam,  and  is  underlain  by 
the  red  hardpan. 

(c)     The  Brick-Clay. 

This  is  found  particularly  within  the  valley  of  Bassett's  creek, 
and,  above  its  mouth,  in  the  valley  of  tne  Mississippi.  It  very 
rarely  rises  above  the  level  of  the  top  of  the  Trenton  terrace,  but 
has  a  thickness,  as  shown  by  the  well  sunk  at  the  Sumner  School 
house,  of  over  100  feet  in  some  places.  A  similar  clay,  supposed 
to  be  of  cotemporaneous  origin,  is  seen  embraced  between 
deposits  of  gravel  and  boulders,  at  St.  Paul,  as  shown  by  the  gen- 
eral section  at  that  place,  and  lying  above  the  gray  hardpan. 
A  similar  stratified  clay  is  found  at  Lake  Minnetonka,  and  at 
Carver,  in  the  valley  of  the  Minnesota. 

The  general  distribution  of  these  parts,  in  the  vicinity  of  Min- 
neapolis, is  shown  by  the  accompanying  map,  but  a  great  many 
details,  and  exceptions  are  disregarded. 

At  Banks  Arenson's  quarry,  on  the  west  side  of  the  river, 
nearly  opposite  the  State  University,  the  gray  hardpan,  which  is 
stripped  off  the  rock  for  quarrying,  lies  over  a  glaciated  rock- 
surface,  the  marks  running  N.  NW.  and  S.  SE.  While  these 
marks  correspond  with  the  general  dii^ection  of  the  river  at  this 
point,  their  regularity  and  persistence  over  a  large  sur&ce  preclude 
their  having  been  caused  by  the  action  o^  the  water  of  the  river. 
The  quarry  has  also  been  worked  back  from  the  line  of  the  strike 
of  the  bluffs,  and  this  stripping  is  about  four  rods  back  from  the 
old  line.  The  marks  are  also  immediately  overlain  by  a  stony 
hardpan  which  is  of  the  last  glacial  epoch,  being  olive-colored  or 
earthy,  not  red  like  that  which  lies  on  the  rock  generally  on  the 
east  side  of  the  river. 

Glacial  striae  on  Hennepin  Island,  above  the  paper-mill,  run  32° 
West  of  North,  by  compass. 

When  the  rock-surface  was  exposed  for  the  City  Market,  it  was 
not  striated,  but  polished  and  scratched  promiscuously. 

The  rock-surface  is  said  to  be  glaciated  on  Nicollet  Island,  but 
no  opportunity  has  been  afforded  of  taking  the  direction. 

According  to  Col.  J.  B.  Clough,  of  Minneapolis,  a  piece  of 
native  copper  weighing  70  pounds  was  taken  from  the  drift  in  a 
R.  R.  cut,  on  the  Minneapolis  ajid  St.  Louis  R.  R.,  about  13  miles 
S.  W.  of  Minneapolis,  in  1872. 

A  piece  weighing  about  two  pounds  was  found  in  the  fall  of 
1874,  in  grading  the  streets  of  Minneapolis. 
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Mr.  W.  D.  Hurlbut  has  also  found  several  pieces  in  the  drift 
near  Rochester,  in  Olmsted  county. 

3.     The  Gorge  below  the  Falls, 

From  the  Falls  to  Fort  Snelling  the  gorge  between  the  rock 
blufis  is  about  a  quarter  of  a  mile  in  width,  and  the  rock  has  a 
freshly-broken  appearance,  the  large  fragments  thrown  down  by 
the  action  of  the  water,  as  the  falls  receded,  still  existing  in  the 
talus  along  the  bluffs.  Throughout  this  distance  (nine  miles)  t)ie 
rocks  lie  horizontal,  hence  the  recession,  so  far  as  it  depends  on 
that  element,  has  been  of  uniform  rate.  The  hight  of  the  bluff 
above  the  river  remains  also  nearly  the  same  throughout  this 
entire  distance,  increasing  a  little  perhaps  near  Fort  Snelling. 
The  relative  length  of  time  during  which  the  rocks  of  this  gorge 
have  been  exposed  to  atmospheric  forces,  compared  to  that  of  the 
bluffs  below  Fort  Snelling,  or  to  that  in  the  ancient  valley  now 
occupied  by  Bassett's  creek,  is  indicated  by  the  depth  to  which 
they  have  been  weathered  or  stained.  It  is  well  known  that  the 
same  rock  may  present  different  colors  from  the  effect  of  atmos 
pheric  agents.  The  Lower  Trenton,  for  instance,  is  blue  within, 
when  freshly  quarried  at  fresh  exposures.  That  is  the  color  it  has 
in  all  the  quarries  below  the  falls  at  Minneapolis,  and  which 
it  shows  in  deep  quarrying  at  St:  Paul.  This  color  is  met  with 
either  immediately  at  the  surface,  as  at  the  Falls,  or  within  an 
inch  or  two  of  the  surface  as  at  Fort  Snelling.  When  weathered 
long,  the  stained  coating  becomes  thickened.  The  stone  then  is 
either  rusty-buff,  or  yellowish  and  dirty,  resulting  from  the  oxyda- 
tion  and  hydration  of  the  iron  which  it  contaii^.  This  color 
may  penetrate  to  the  depth  of  several  feet,  depending  on  the 
porosity  of  the  rock,  and  the  length  of  exposure.  At  quarries 
above  the  falls  of  St.  Anthony,  near  the  mouth  of  Bassett's  creek, 
this  stained  condition  is  found  to  penetrate  the  whole  Lower 
Trenton,  the  rock  at  the  same  time  having  become  more  easily 
separable  along  some  of  its  bedding  planes,  and  also  more  firmly 
cemented  by  the  permeation  of  the  iron  through  the  more  shaly 
parts.  The  same  change  is  visible  in  the  old  river  bluffs  above 
the  falls  where  the  Lower  Trenton  is  wrought  on  the  east  side  of 
the  Mississippi,  opposite  the  mouth  of  Shingle  creek,  and  to  a 
considerable  extent  in  the  quarries  in  Upper  St.  Anthony. 

The  gorge  below  Fort  Snelling,  where  the  Minnesota  and  the 
Mississippi  unite,  is  about  a  mile  wide,  between  the  rock-bluffs;  and 
the  Minnesota  above  Fort  Snelling  has  the  same  width  between 
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the  rock-l)luffs.  Besides  the  aspect  of  greater  age^  as  indicated  by 
the  greater  change  of  color  in  the  rock  below  Fort  Snelling,  the 
bluflfe  themselves  are  smoothed  and  the  rock  hid  by  drift  and  loam 
since  the  action  of  the  river  ceased.  The  top  of  the  rock  along 
the  gorge  above  the  fort  is  surmounted  with  a  thickness  of  drift 
gravel  and  clay,  which  shows  a  section,  as  cut  by  the  river,  con- 
tinuous, perpendicularly,  with  the  rock-bluflF  itself.  This  thick- 
ness of  drift  is  nearly  uniform  from  the  Port  to  the  Falls,  and  indi- 
cates the  spreading  of  the  drift  before  the  recession  of  the  Falls  ; 
but  below  Fort  Snelling  (with  a  single  exception,  to  be  noted,) 
the  rock-bluflF  is  generally  hid  by  a  subsequent  accumulation  of 
drift.  The  same  is  true  of  the  bluffs  of  the  Minnesota  above  the 
Fort.  This  subsequent  acciunulation  is  so  abundant  above  the 
Fort  along  the  Minnesota,  that  the  strike  of  the  Trenton  limestone 
is  totally  hid  within  less  than  a  mi|e. 

The  direction  of  the  Mississippi  changes  at  Fort  Snelling,  mak- 
ing a  right  angle,  from  S.  E.  to  N.  E.,  but  the  change  is  caused 
by  its  entering  the  wide  gorge  which  runs  in  that  direction.  The 
wide  valley  in  which  the  Minnesota  runs  is  out  of  proportion  with 
the  amount  of  water  which  it  carries,  but  its  valley  continues  of 
the  same  width,  and  in  the  same  direction  beyond  the  confluence 
of  the  Mississippi,  the  valley  taking  the  latter  name. 

Below  Fort  Snelling,  opposite  the  mouth  of  the  Minnesota,  is  a 
low,  long,  alluvial  island,  (Pike  Island,)  running  to  a  point  down- 
stream. The  existence  of  this  island,  which  lies  in  the  wide  gorge, 
and  which  must  have  been  formed  since  the  excavation  of  the 
gorge,  points  directly  to  some  force  not  now  existing  ;  since  the 
joint  action  of  the  two  streams  uniting,  instead  of  acciunulation, 
would  be  the  reverse  under  normal  conditions.  ^  If  the  volume  of 
the  two  rivers  were  to  be  increased  so  as  to  have  suflScient  mo- 
mentum to  move  the  substructure  of  Pike  Island,  the  result  would 
be  the  gradual  destruction  and  removal  of  the  island,  instead  of  its 
increase.  The  retardation  of  the  current  causes  it  to  drop  sedi- 
ment, but  when  two  streams  unite,  the  current  is  not  retarded, 
but  generally  by  reason  of  closer  confinement  in  a  proportionately 
narrower  channel,  it  is  increased. 

The  right  bank  of  the  Mississippi,  just  beloT;^  the  confluence  of 
the  two  streams,  shows,  for  about  half  a  mile,  a  fresh  erosion  of 
the  rock-bluff  similar  to  that  of  the  bluffs  above  the  fort,  the  cur- 
rent of  the  river  having  been  driven  against  that  bank  so  as  to 
undermine  the  limerock  and  cause  its  downfall.  This  is  opposite 
the  point  at  which  the  Mississippi  enteBS  the  wide  gorge.     Pike 
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Island  lies  alongside  of  it,  and  between  it  and  the  debouchure  of 
the  Mississippi  into  the  wide  gorge. 

Above  the  mouth  of  Bassett's  creek  the  Mississippi  runs  between 
rock-bluffs  of  the  same  kind  as  those  below  Port  Snelling.  They 
are  about  a  mile  apart  and  show  all  the  above  named  indications 
of  greater  age.  They,  however,  rise  but  about  thirty  or  forty  feet 
above  the  river,  and  are  buried  under  the  loam,  or  under  the  drift 
and  loam.  This  old  valley  continues  southwardly  by  way  of  Bas- 
sett's  creek,  and  its  course,  as  supposed,  is  expressed  on  the  accom- 
panying map  of  the  region,  drawn  on  a  scale  of  one  inch  to  one 
mile.  This  old  valley  was  cut  down  into  the  St.  Pete^  sandstone 
over  one  hundred  feet,  since  it  has  been  drilled  into  at  the  Sum- 
ner Schoolhouse  in  Minneapolis  without  striking  rock,  to  even  a 
greater  depth  than  that. 


From  the  foregoing  facts  the  following  interesting  history  may 
be  read.  It  is  believed  that  the  glacial  theory  of  L.  Agassiz,  and 
nothing  but  that,  will  explain  the  grand  changes  which  this  his- 
tory relates. 

Prior  to  the  last  glacial  epoch  the  Mississippi  river  did  not  run 
over  the  Trenton  limerock  at  all,  but  passed,  in  a  wide,  deep  val- 
ley, similar  to  that  which  it  now  occupies  below  Fort  Snelling,  by 
way  of  the  valley  of  Bassett's  creek,  and  lakes  Calhoun,  Harriet 
and  others,  along  the  western  side  of  the  Trenton  area,  and  joined 
the  Minnesota  at  some  point  above  Fort  Snelling,  but  probably 
between  Shakopee  and  Fort  Snelling.  The  country  was  then  cov- 
ered with  the  drift  of  an  older  glacial  epoch,  and  was  probably 
timbered  with  species  of  trees  the  same  as  those  now  living. 

As  the  last  glacial  epoch  approached,  the  transport  of  drift  ma- 
terial was  from  the  northwest.  After  the  closing  of  the  north- 
ward outlet  of  the  Winnipeg  waters  by  the  accmnulated  ice  and 
the  perpetual  winter,  they  were  drained  southwardly  through  the 
valley  of  Big  Stone  lake  and  Lake  Traverse,  into  the  Minnesota 
valley,  and  thence  into  the  Mississippi,  past  the  site  of  Fort  Snell- 
ing. Their  volume  was  augmented  not  only  by  the  proper  volume 
of  the  Minnesota  itself,  but  by  the  dissolution  of  the  ice  of  the 
glacier  that  gradually  crept  over  the  state  from  the  north,  and 
northwest,  as  it  arrived  in  latitudes  too  genial  for  the  existence 
of  ice. 

The  land  ice  not  only  disrupted  the  old  drift  surface  and  distrib- 
uted its  material  as  it  moved  on,  but  also  gathered  a  great  deal  of 
23 
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the  bed-rock  itself,  particularly  of  the  Cretaceous.  This  Cretace- 
ous debris,  being  abundant  and  easily  transported,  gave  its  own 
shaly  color  to  the  drift  with  which  it  was  mingled,  and  even 
stamped  on  the  clay  of  this  drift  period  a  peculiar  and  character- 
istic quality,  thus  rendering  it  easily  distinguishable  from  the 
older  drift  which  was  of  a  red  color  and  charged  with  small  red 
or  green  stones,  with  few  granite  boulders.  The  later  drift  con- 
tains more  numerous  large  granite  boulders  than  the  older.  Bound 
the  southern  limit  of  the  land  ice,  the  old  red  drift  was  thrown  up 
into  hiUs  and  ridges  and  shoved  into  old  valleys,  and  locally  mixed 
with,  or  covered  by,  the  gray  drift  of  the  later  period. 

In  the  valleys,  particularly  those  having  a  southward  drainage, 
the  gray  driffc  was  transported  most  freely  and  distributed  most 
widely,  partly  by  the  agency  of  the  abundant  water.  The  Minne- 
sota was  much  larger  than  the  Mississippi,  and  the  Mississippi 
was  much  larger  than  it  is  now.  Large  quantities  of  floating  ice 
would  also  pass  down  these  streams,  carrying  from  the  glacier, 
stones  and  gravel,  distributing  them  on  the  then  flood-plains,  the 
now  gravelly  terraces  of  the  Mississippi. 

The  margin  of  the  ice  did  not  extend  across  the  Minnesota  into 
Dakota  county. — At  least  it  did  not  obstruct  the  Minnesota  river 
so  as  to  permanently  divert  it  from  its  course,  and  certainly  did 
not  reach  far  south  of  that  river,  since  the  isolated  outliers  of  the 
St.  Peter,  (as  Castle  Rock,)  round  whose  bases  the  older  drift  lies, 
were  not  destroyed.  The  ice  choked  up  the  old  valley  of  the  Mis- 
sissippi below  the  mouth  of  Bassett*s  creek,  and  filled  it  with 
drift  clay,  the  river  itself  being,  at  the  acme  of  the  cold,  reduced  to 
smaller  dimensions  by  the  contraction  of  the  field  drained,  and  by 
the  changed  topography  of  the  country  toward  the  north.  The 
river  was  thus  forced  to  pass  round  the  eastern  foot  of  the  ice 
further  to  the  southeast,  a  lake  of  standing  water  perhaps  covering 
the  valley  which  it  had  abandoned,  and  setting  back  into  a  portion 
of  the  valley  still  occupied.  This  water,  fresh  from  the  glacier, 
was  very  muddy,  and  gave  origin  to  the  brick-clay  that  lies  in  its 
old  valley,  as  shown  by  the  accompanying  map  showing  the  sur- 
face geology. 

The  Mississippi,  thus  forced  out  of  its  old  channel,  after  rising 
to  the  level  of  the  limerock  of  the  Lower  Trenton,  ran  over  the  rock, 
to  reach  the  same  valley  again  by  plunging  over  the  precipice  at 
Fort  Snelling,  thus  giving  birth  to  the  Falls  of  St.  Anthony.  In 
reaching  that  point  it  had  crowded  on  to  the  old  drift  bluflfs  along 
the  east  side  of  the  river,  driving  them,  by  erosion,  further  toward 
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the  east,  while  the  old  valley  itself  served  to  retard,  and  even  to 
limit,  the  transportation  of  the  drift  clay  toward  the  east. 

Later,  as  the  volume  of  the  river  increased  by  the  dissolution  of 
the  ice  and  the  opening  of  the  tributary  valleys  as  it  withdrew, 
the  waters  spread  over  the  whole  area  from  the  line  of  the  old  drift 
bluffs  on  the  east,  to  the  recently  made  moraines  along  its  west 
banks,  receiving  and  distributing  not  only  gravel  and  sand  over 
the  whole  broad  valley,  as  at  Minneapolis,  but  also  large  quantities 
of  the  gray  hardpan  clay. 

It  was  at  this  time  that  Pike  Island  began  to  form ;  and  also 
that  the  current  of  the  Minnesota  was  carried,  by  the  added  mo- 
mentum of  the  Mississippi,  against  the  opposite  bluffs  below  Man- 
kato,  so  as  to  produce  new  exposures  of  the  sand  and  limerock. 

The  Falls  must  have  begun  at  Fort  Snelling  near  the  acme  of 
the  cold,  as  the  effect  of  the  ice  is  not  important  at  any  points 
south  or  east  of  the  mouth  of  Basse tt's  creek.  They  have  occupied 
the  interval  of  time  elapsed  since  then  in  receding  to  their  present 
position.  Were  it  possible  to  establish  a  unit  of  recession  for  a  cal  - 
culation,  the  length  of  that  interval  could  be  computed.  The  rate 
has  been  much  greater  since  the  construction  of  dams  and  mills, 
diverting  the  water,  or  concentrating  it  at  points  ;  and  hence  the 
data  of  recession  since  the  permanent  occupancy  of  the  region,  are 
valueless  for  this  purpose.  The  only  other  means  of  estimating 
the  rate  of  natural  recession  is  to  employ  the  statements  of  the 
early  travelers  who  have  described  the  Falls.  Their  discoverer  was 
Father  Louis  Hennepin.  In  returning  from  his  captivity  among 
the  Dakotas,  he  saw  the  Falls  in  July,  1680,  and  briefly  describes 
them  as  follows:  "This  fall  is  forty  or  fifty  feet  high,  divided  in 
the  middle  by  a  rocky  island  of  pyramidal  form." 

"  In  ascending  this  river  ten  or  twelve  leagues,  navigation  is  in- 
terrupted by  a  fall,  which  we  named  in  honor  of  St.  Anthony  of 
Padua,  whom  we  had  chosen  as  patron  of  our  enterprises.  This 
fall  is  50  or  60  feet  in  hight,  and  has  an  island  of  rock,  in  the  form 
of  a  pyramid,  in  the  middle  of  the  chute.*'  (See  the  Amsterdam 
edition  of  Hennepin's  works,  1704,  chapter  44,  p.  319.)  A  trans- 
lation of  Hennepin's  narration  is  found  in  the  Historical  Cdlec- 
turns  of  Louisiana^  Part  IV,  in  which  he  gives  "40  or  50"  feet  as 
the  hight  of  the  fall. 

In  the  London  edition  of  Carver's  journal,  1778,  p.  69,  Carver 
thus  describes  the  Falls  of  St.  Anthony,  as  he  saw  them  in  1766  : 
**  This  amazing  body  of  waters,  which  are  above  250  yards  over, 
form  a  most  pleasing  cataract;  they  fall  perpendicularly  about  30 
ft.,  and  the  rapids  below,  in  the  space  of  800  yards  more,  render 
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the  descent  considerably  greater.  ******  In  the  mid- 
dle of  the  falls  stands  a  small  island,  about  40  feet  broad,  and  some- 
what longer,  on  which  grew  a  few  cragged  hemlock  and  spruce 
trees;  and  about  half  way  between  this  island  and  the  eastern 
shore  is  a  rock  lying  at  the  very  edge  of  the  fall  in  an  oblique  po- 
sition, that  appeared  to  be  about  five  or  six  feet  broad,  and  30  or 
40  long.  *  *  •  *  At  a  little  distance  below  the  falls  stands  a 
small  island,  of  about  an  acre  and  a  half,  on  which  grow  a  great 
number  of  oak  trees,  every  branch  of  which,  able  to  support  the 
weight,  was  full  of  eagles'  nests.'* 

The  engraving  accompanying  this  description  is  that  seen  in 
Winterbottotn's  America,  and  is  reproduced  in  Harper's  Netc  Month- 
ly Magazine  for  October,  1876,  and  wrongly  attributed  to  Father 
Hennepin.  Carver's  original  engraving  shows  an  island  above  the 
falls,  which  is  omitted  in  the  copy  in  Harper's.  Carver  states  on 
the  engraving  that  the  breadth  of  the  fall  is  about  600  feet.  This  en- 
graving shows  an  insignificant  island  just  in  the  brink  of  the  falls, 
extending  neither  below  nor  above  the  falls,  and  an  apparently 
detached  block  of  limerock  lodged  on  the  brink  between  it  and  the 
eastern  (or  northern)  shore.  In  the  stream  below  the  falls  is  rep- 
resented a  larger  low  island,  not  rocky,  but  alluvial,  nearly  circu- 
lar, and  covered  with  timber. 

Lieut.  Z.  M.  Pike  visited  the  falls  of  St.  Anthony  Sept.  30, 1805. 
His  journal,  published  in  London  in  1811,  is  entitled:  Exploratory 
Travels  through  the  Western  Territories  of  North  America  in  1805- 
6-7.  He  says  of  the  falls:  "llie  Falls  of  St.  Anthony  did  not 
strike  me  with  that  majestic  appearance  which  I  had  been  taught 
to  expect  from  the  descriptions  of  other  traveler^.  On  an  actual 
survey  I  find  the  portage  to  be  260  poles,  but  when  the  river  is 
not  very  low,  boats  ascending  may  put  in  31  poles  below  at  a  large 
cedar  tree,  which  would  reduce  it  to  229  poles.  The  hill  on  which 
the  portage  is  made  is  69  ft.  ascent,  with  an  elevation  at  the  point 
of  debarkation  of  45°.  The  fall  of  the  water  between  the  point  of 
debarkation  and  of  re-loading  is  58  feet;  the  perpendicular  fall  of 
the  chute  is  16^  feet;  the  width  of  the  river  above  the  chute  627 
yards,  below  209.  In  high  water  the  appearance  is  much  more 
sublime,  as  the  great  quantity  of  water  then  forms  a  spray  which 
in  clear  weather  reflects  from  some  positions  the  colors  of  the  rain- 
bow, and  when  the  sky  is  overcast,  covers  the  falls  in  gloom  and 
chaotic  majesty." 

Major  Stephen  H.  Long  visited  the  Falls  of  St.  Anthony  in  a 
six-oared  boat  in  1817.  His  journal,  which  was  not  published  till 
1860,  and  then  by  the  Minnesota  Historical  Society,  gives  a  more 
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minute  description  of  the  Falls  than  that  of  any  of  his  predeces- 
sors. The  courtesy  of  Rev.  E.  D.  Neill  renders  it  possible  to  give 
a  transcript  from  this  rare  document.*  "The  perpendicular  fall 
of  the  water  at  the  cataract,  as  stated  by  Pike  in  his  journal,  is 
sixteen  and  a  half  feet,  which  I  found  to  be  true  by  actual  meas- 
urement. To  this  hight,  however,  four  or  five  feet  may  be  added 
for  the  rapid  descent  which  immediately  succeeds  the  perpendicular 
fall  within  a  few  yards  below.  Immediately  at  the  cataract  the 
river  is  divided  into  two  parts  by  an  island  which  extends  consid- 
erably above  and  below  the  cataract,  and  is  aboui  five  hundred 
yards  long.  The  channel  on  the  right  side  of  the  island  is  about 
three  times  the  width  of  that  on  the  left.  The  quantity  of  water 
passing  through  them  is  not,  however,  in  the  same  proportion,  as 
about  one-third  part  of  the  whole  passes  through  the  left  channel. 
In  the  broadest  channel,  just  below  the  cataract,  is  a  small  island 
also,  about  fifty  yards  in  length  and  thirty  in  breadth.  Both  of 
these  islands  contain  the  same  kind  of  rocky  formation  ad  the 
banks  of  the  river,  and  are  nearly  as  high.  Besides  these  there 
are  immediately  at  the  foot  of  the  cataract  two  islands  of  very 
inconsiderable  size,  situated  in  the  right  channel  also.  The  rapids 
commence  several  hundred  yards  above  the  cataract,  and  continue 
about  eight  miles  below.  The  fall  of  the  water,  beginning  at  the  head 
of  the  rapids,  and  extending  two  hundred  and  sixty  rods  down  the 
river  to  where  the  portage  road  commences,  below  the  cataract,  is, 
according  to  Pike,  fifty-eight  feet.  If  this  estimate  be  correct 
the  whole  fall  from  the  head  to  the  foot  of  the  rapids,  is  not  prob- 
ably much  less  than  one  hundred  feet.  But  as  I  had  no  instru- 
ment  sufficiently  accurate  to  level,  where  the  view  must  necessa- 
rily be  pretty  extensive,  I  took  no  pains  to  ascertain  the  extent  of 
the  fall.  The  mode  I  adopted  to  ascertain  the  hight  of  the  cata- 
ract was  to  suSpend  a  line  and  plummet  from  the  table  rock  on 
the  south  side  of  the  river,  which,  at  the  same  time,  had  very  little 
water  passing  over  it,  as  the  river  was  unusually  low.** 

Beltrami  in  1823 1  thus  describes  the  Falls  :  "Seated  on  the  top 
of  an  elevated  promontory,  I  see,  at  half  a  mile  distance,  two 
great  masses  of  water  unite  at  the  foot  of  an  island  which  they 
encircle,  and  whose  majestic  trees  deck  them  with  the  loveliest 
hues,  in  which  all  the  magic  play  of  light  and  shade  are  reflected 
on  their  brilliant  surface.     From  this  point  they  rush  down  a 

*  Voyaff*  qf  a  tix-oarsd  ikiff  to  the  FaU$  of  8t.  Anthony  in  1817,  Ify  MaiOT  SUphen  H,  Long, 
T.  E,,  U.  S.  A, 

t  A  Pilgrimag*  in  Europe  and  America,  leading  to  the  dieeovery  of  the  90urcet  of  the 
MiieUHppi  and  Bloody  Hver,    J,  O.  BeltramU,    London,  1826.    Vol,  %  p.  206. 


Digitized  by 


Google 


182  GEOLOGICAL   AND  NATURAL   HISTORY 

rapid  descent  about  200  feet  long,  and,  breaking  against  the  scat- 
tered rocks  which  obstruct  their  passage,  they  spray  up  and  dash 
together  in  a  thousand  varied  forms.  They  then  fall  into  a  trans- 
verse basin,  in  the  form  of  a  cradle,  and  are  urged  upward  by  the 
force  of  gravitation  against  the  side  of  a  precipice  which  seems  to 
stop  them  a  moment  only  to  increase  the  violence  with  which 
they  fling  themselves  down  a  depth  of  twenty  feet.  The  rocks 
against  which  these  great  volumes  of  water  dash,  throw  them 
back  in  white  foam  and  glittering  spray  ;  then  plunging  into  the 
cavities  which  this  mighty  fall  has  hollowed,  they  rush  forth 
again  in  tumultuous  waves,  they  once  more  break  against  a  great 
mass  of  sandstone  forming  a  little  island  in  the  midst  of  their 
bed,  on  which  two  thick  maples  spread  their  shady  branches." 

Keating,  who  narrates  Msg.  Long's  Expedition  in  1823,  says, 
(Vol  II,  p.  306.) 

"  On  the  6th  of  July  we  walked  to  the  falls  of  St.  Anthony,  which 
are  situated  nine  miles  (along  the  course  of  the  river,  seven  by 
land)  above  the  fort.  The  first  glimpse  which  we  caught  of  the 
fall  was  productive  of  disappointment,  because  it  yielded  but  a  par- 
tial view,  but  this  was  amply  redeemed  by  the  prospect  which  we 
obtained  of  it  when  the  whole  fall  opened  itself  before  us.  We 
then  discovered  that  nothing  could  be  more  picturesque  than  this 
cascade.  We  had  been  told  that  it  appeared  like  a  mere  mill-dam, 
and  we,  were  apprehensive  lest  a  fall  of  sixteen  feet  would  lose  all 
its  beauty  when  extended  upon  a  breadth  of  several  hundred  yards; 
but  we  soon  observed  that  this  was  by  no  means  the  case.  The 
irregular  outline  of  the  fall,  by  dividing  its  breadth,  gives  a  more 
impressive  character.  An  island,  stretched  in  the  river  both  above 
and  below  the  fall,  separates  it  into  two  unequal  parts,  the  east- 
ern being  two  hundred  and  thirty  yards  wide,  and  the  western 
three  hundred  and  ten.  The  island  itself  is  about  one  hundred 
yards  wide.  From  the  nature  of  the  rock,  which  breaks  into  an- 
gular, and  apparently  rhomboidal,  fragments  of  a  large  size,  this 
fall  is  subdivided  into  small  cascades,  which  adhere  to  each  other 
so  as  to  form  a  sheet  of  water  unrent,  but  composed  of  an  alterna- 
tion of  retiring  and  salient  angles,  and  presenting  a  great  variety 
of  shapes  and  shades;  each  of  these  forms  in  itself  a  perfect  cas- 
cade, but  when  taken  together  in  one  comprehensive  view  they 
assume  a  beauty  of  which  we  could  have, scarcely  deemed  them 
susceptible.  ♦*•**♦**♦  Concerning  the  hight  of 
the  fall,  and  breadth  of  the  river  at  this  place,  much  incorrect  in- 
formation has  been  published.  Hennepin,  who  was  the  first  Eu- 
ropean who  visited  it,  states  it  to  be  fifty  or  sixty  feet  high.     It 
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was  this  traveler  that  gave  it  the  name  which  it  now  bears,  in 
honor  of  St.  Anthony  of  Padua,  whom  he  had  taken  for  the  pro- 
tector of  his  discovery.  He  says  of  it,  that  it  *  indeed  of  itself  is 
terrible,  and  hath  something  very  astonishing. '  This  hight  is, 
by  Carver,  reduced  to  about  30  feet;  his  strictures  upon  Hennepin, 
whom  he  taxes  with  exaggeration,  might  with  great  propriety  be 
retorted  upon  himself;  and  we  feel  strongly  inclined  to  say  of  him, 
as  he  said  of  his  predecessor,  *the  good  father,  I  fear,  too  often  had  no 
other  foundation  for  his  accounts  than  report,  or  at  least  a  slight  in- 
spection. '  Pike,  who  is  more  correct  than  any  traveler  whose  steps 
we  have  ifbllowed,  states  the  perpendicular  fall  at  sixteen  and  a 
half  feet;  Major  Long  measured  it  in  1817,  with  a  plumb  line,  from 
the  table  rock  from  which  the  water  was  falling,  and  found  it  to 
be  the  same.  Mr.  Colhoun  measured  it  while  we  were  there  with 
a  rough  water  level,  and  made  it  about  fifteen  feet.  The  diflfer- 
ence  of  a  foot  is  trifling,  and  depends  upon  the  place  where  the 
measurement  was  made;  but  we  cannot  account  for  the  statement 
made  by  Mr.  Schoolcraft,  that  the  river  has  a  perpendicular  pitch 
of  forty  feet,  and  this  so  late  as  fourteen  years  after  Pike's  meas- 
urement. The  same  author  states  the  breadth  of  the  river,  near 
the  brink  of  the  fall,  to  be  two  hundred  and  twemty -seven  yards, 
while  Pike  found  it  to  be  six  hundred  and  twenty-seven  yards, 
which  agrees  tolerably  well  with  a  measurement  made  on  the  ice. 
Messrs.  Say  and  Colhoun  obtained  an  approximate  admeasurement 
of  five  himdred  and  ninety -four  yards;  this  resulted  from  a  trigo- 
nometrical calculation,  the  angles  having  been  measured  with  a 
compass  that  was  small  and  not  nicely  graduated,  and  the  base  line 
having  been  obtained  under  unfavorable  circumstances.  Below 
the  fall  the  river  contracts  to  about  two  hundred  yards.  There  is 
a  considerable  rapid  both  above  and  below;  a  portage  of  two  hun- 
dred and  sixty  poles  in  length  is  usually  made  here;  the  whole  fall, 
or  difference  of  level  between  the  place  of  disembarking  and  re- 
loading, is  stated  by  Pike  to  be  fifty-eight  feet,  which  is  probably 
very  near  the  truth;  the  whole  faU  to  the  foot  of  the  rapids,  which 
extend  several  miles  down  the  river,  may  be  estimated  as  not  far 
short  of  one  hundred  feet. " 

Mr.  Q.  W.  Featherstonhaugh  says  (Report  of  a  Geological  Re- 
connaissance made  in  1835 /rom  the  seat  of  government  to  the  Coteau 
de  Prairie ;)  "An  island  about  450  yards  long  divides  the  Missis- 
sippi into  two  parts  at  the  Falls  of  St.  Anthony,  which  have  a  very 
irregular  outline,  owing  to  the  soft  sandstone  being  washed  out 
unequally  in  places,  and  the  superincumbent  strata  of  limestone 
falling  down  in  large  blocks;  these  are  piled  up  in  large  quantities 
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on  the  bed  of  the  river  immediately  at  the  foot  of  the  falls.  That 
part  of  the  river  on  the  north  side  of  the  island  is  about  two  hun- 
dred and  twenty  yards  in  width.  There  is  a  very  fine  smooth  sec- 
tion of  the  rocks  here  to  the  water,  about  90  feet.  I  should  think 
the  fall  would  not  average  more  than  twenty  feet.  »  •  ♦  ♦  ♦ 
On  the  south  side  of  the  river  the  line  of  the  falls  is  a  very  irregu- 
lar curvature,  and  measures  about  450  yards  to  the  island.  The 
hight  of  the  fall  does  not  appear  so  great  on  this  side,  owing  per- 
haps to  the  bed  of  the  river  being  so  much  choked  up  with  the 
fallen  slabs.  It  is  a  wild  rocky  scene,  but  deficient  in  interest  as 
a  waterfall  on  account  of  its  want  of  hight.  *' 

Data. 

From  these  descriptions  the  following  data  may  be  eliminated  *. 

Hennepitty  1680 — Pyramidal  island  in  the  middle  of  the  fall. 
Hight  of  fall  50  or  60  feet  (or  "  40  or  50  feet. ") 

Carver,  1766— Width  of  river  260  yards  (or  "  about  600  feet ;'') 
hight  of  the  fall  30  feet ;  a  small  island  in  the  middle  of  the  fall 
40  feet  broad  and  '^somewhat  longer,"  with  hemlock  and  spruce 
trees,  and  another  of  an  acre  and  a  half  a  little  below  the  falb, 
with  great  quantities  of  eagles'  nests ;  an  island  also  above  the 
falls  ;  an  oblique  rock  in  the  brink  of  the  falb  half  way  between 
the  island  and  the  east  shore,  ''  about  five  or  six  feet  broad  and 
thirty  or  forty  long." 

Pike  in  1805— Portage  260  poles  ;  waterfall  16i  feet ;  width  of 
river  above  the  falls  627  yards  ;  below  209. 

Long  in  1817 — Island  500  yards  long  divides  the  cataract  and 
river  above  and  below  the  falls  ;  channel  on  the  west  side  three 
times  that  on  the  east  side  ;  one-third  of  the  water  descends  the 
east  channel ;  waterfall  16^  feet.  In  the  broadest  channel,  just 
below  the  cataract  is  a  small  island,  50  yards  by  30  ;  both  islands 
rocky,  with  the  same  formations  as  in  the  banks,  ''and  nearly  as 
high  ;"  two  others  of  inconsiderable  size  immediately  at  the  foot 
of  the  falls,  both  in  the  right  channel. 

Beltrami  in  1823 — Only  distinctly  mentions  an  island  in  the 
falls,  and  an  island  of  sandstone  below,  with  maples. 

Keating  in  1823 — Island  in  the  river  both  above  and  below  the 
fall,  separating  it  into  two  unequal  parts,  the  eastern  230  yards 
wide,  the  western  310  ;  the  island  is  100  yards  wide  ;  total  width 
of  river  at  the  falls  about  594  yards,  with  rough  data  ;  below  the 
fall  the  river  contracts  to  about  200  yards. 

Featherstonhaugh  in  1835. — Island  450  yards  long  divides  the 
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fall  unequally  ;  east  channel  220  yards  wide,  west  channel  450  ; 
fall  20  feet  average. 

*  In  1856,  just  before  the  erection  of  permanent  mills,  and  the 
diversion  of  the  water  so  as  to  disturb  the  recession,  the  falls  on 
the  west  of  the  island  were,  in  general  terms,  abreast  of  the  saw- 
mill of  Famham  and  Lovejoy.  They  had  a  bend  upward  in  the 
center  of  the  channel,  and  a  sweep  downward  near  the  west  shore. 
Their  ends  were  nearly  opposite  each  other.  The  total  width  of 
the  river,  including  Hennepin  island,  was  1,700  feet  at  the  falls. 
Putting  together  the  statements  of  the  earliest  settlers,  the  down- 
ward sweep  of  the  falls  along  the  east  side  of  the  west  channel 
met  the  island  about  100  feet  below  the  lowest  portion  of  the  flat 
undisturbed  portion  of  the  limerock  on  which  Farnham  and  Love- 
joy  's  milldam  is  erected,  the  mill  itself  having  originally  been 
erected  in  a  little  notch  or  jog  in  the  falls,  partly  on  the  limerock 
and  partly  below  the  falls,  close  on  the  shore  of  the  island.  Since 
then  the  falls  in  the  west  channel  have  receded  about  500  feet, 
hastened  by  these  artificial  means  ;  the  falls  on  the  east  side,  hav- 
ing been  more  protected,  have  not  receded  any  perceptible  amoimt. 

Considering  all  these  statements,  and  adjusting  their  descrip- 
tions with  each  other  and  with  the  known  position  of  the  Falls  in 
1856,  before  the  permanent  improvements  for  milling  were  made, 
the  following  conclusions  may  be  made  out : 

Hennepin  saw  the  falls  in  1680,  when' Spirit  island  divided  them, 
and  their  hight  was  much  greater  than  now.  The  river  gorge  is 
1,350  feet  wide  across  Spirit  island.  The  confinement  of  the  wa- 
ter in  this  narrower  channel  caused  the  greater  hight  of  the  fall. 

Carver  saw  the  falls  in  1766,  just  as  they  were  leaving  Spirit 
island  and  entering  on  Hennepin  island.  The  '*  oblique  rock" 
seen  was  the  submerged  toe,  or  lower,  rocky  end  of  Hennepin  island. 
No  doubt  the  river  completely  surrounded  the  visible  part  of  Hen- 
nepin island,  above  the  brink  of  the  falls ;  the  rock,  which  is  its  sub- 
structure, only  showing  a  small  area  in  the  fall.  The  rhomboidal 
masses,  into  which  the  limerock  is  cut  by  pre-existing  jointage 
flaws,  would  very  likely  cause  an  oblique  fracture  along  the  brink, 
as  piece  after  piece  fell,  as  fully  detailed  by  Keating  in  1823  in 
describing  the  west  channel.  The  width  of  the  whole  channel  at 
this  point,  stated  by  Carver  as  about  600  feet,  is  1400  feet  by 
careful  measurement.  The  island  which  Carver's  engraving  shows 
above  the  falls  must  be  intended  for  Hennepin  island  which  now 
divides  the  fall,  but  is  very  much  out  of  the  right  position — even  to 

*  These  flUtements  are  made  on  the  authority  of  Messrs.  Chute,  Dr.  A.  £.  Johnson  and 
Mr.  S.  W.  Famham. 
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represent  any  island.  The  island  which  his  engraving  shows  in 
the  brink  of  the  falls  was  the  upper  end  of  Spirit  island,  while 
the  low  island  below  the  falls,  on  which  he  mentions  great  quan- 
tities of  eagles  nests,  can  be  no  other  than  the  lower  end  of  the 
same  island,*  the  narrow  limerock  having  fallen  away  in  the  inter- 
vening space,  making  really  (if  his  engraving  shows  correctly  at 
this  point)  two  parts,  or  islands,  each  being  rocky.  His  engraving 
is  the  copy  of  his  pencil-sketch,  made  probably  from  memory  after 
he  had  left  the  place,  and  the  representation  of  an  island  as  hw, 
which  ought  to  have  been  high  and  rocky,  rendered  somewhat 
necessary  to  avoid  the  hiding  of  the  falls,  and  engraved  in  London, 
would  be  no  unexpected  error,  and  would  hardly  be  regarded  an 
imperfection  by  any  but  a  geologist  or  a  professional  artist.  It  is 
possible  also,  if  his  sketch  was  made  after  he  left  the  place,  that  there 
wasreally  hut  one  island  of  the  whole.  His  attention  had  been  di* 
rected  during  his  stay  to  the  island  tvith  the  eagles'  nests,  about 
which  he  speculates  at  some  length  in  his  journal,  and  to  the 
island  dividing  tfie  falls.  When  he  came  to  make  his  sketch  he 
represented  both  prominent  ideas  without  regard  to  the  exact 
manner  in  which  they  were  topographically  related  or  united;  and 
finding  that  a  continued  high  island  would  hide  the  west  channel^ 
(his  view  being  from  the  east  bank)  which  would  materially  inter- 
fere with  the  general  effect  of  his  illustration,  he  so  reduced  the 
hight  of  the  lower  portion  of  the  island  as  to  make  it  appear  like 
another  island;  the  engraver  then  perpetuated  the  appearance,  not 
knowing  the  facts.  Whichever  hypothesis  be  correct,  it  is  not 
possible  for  the  island  represented  in  the  brink  of  the  falls,  to  have 
been  Hennepin  island.  Besides  the  general  agreement  of  the 
whole  account  with  the  accounts  of  future  travelers,  on  the  sup- 
position of  its  having  been  Spirit  island,  and  the  statement  that 
it  was  in  the  middle  of  the  falls.  Carver's  engraving  shows  two 
fnen  in  the  act  of  portage  of  a  canoe  along  the  east  shore,  below  the 
falls;  showing  that  the  view  presented  was  intended  to  represent 
the  principal  fall,  (if  not  the  whole,)  while  the  channel  on  the  east 
of  Hennepin  island  is  now,  and  always  has  been,  since  it  began, 
about  one-third  that  on  the  west  side.  Thus  Carver's  description, 
aided  by  his  very  imperfect  illustration,  fixes  the  position  of  the 
falls  in  1766  at  the  very  foot  of  Hennepin  island. 

When  Lieut.  Pike  arrived  in  1805  probably  nothing  remained 
of  Spirit  island  in  the  brink  of  the  falls,  though  he  gives  no  descrip- 
tion of  the  falls  themselves. 

In  1817,  when  Major  S.  H.  Long  first  visited  them,  Hennepin 

•Spirit  Island  (what  waa  left  of  it)  in  1866,  was  still  the  abode  of  eagles. 
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island  divided  them  unequally,  and  Spirit  island  was  wholly  below 
the  falls,  and  is  described  as  high  and  rocky,  with  the  same  form- 
ations as  are  seen  in  the  banks  of  the  river.  This  statement  dem- 
onstrates the  incorrectness  of  Carver's  engraving  in  this  particular. 
If  Carver  did  not  see  that  high,  rocky  island,  it  never  could  have 
got  there,  where  it  exists  still,  between  his  visit  and  that  of  Long. 

In  1823,  Keating  and  Beltrami  saw  the  falls  in  pretty  much  the 
same  position  as  Long  in  1817. 

Again,  Featherstonhaugh,  in  1835,  repeats  the  same  general 
description. 

There  has  been  no  published  careful  measurement  of  the  river 
from  Fort  Snelling  to  St.  Anthony  Falls,  but  a  lining  of  the  map 
constructed  by  Gen.  G.  K.  Warren,  with  the  U.  S.  township  and 
section  lines  represented,  makes  the  distance  almost  exactly  eight 
miles.  Prof.  Rhame  has  made  for  the  survey  a  series  of  triangula- 
tions  and  chain  measurements  at  the  falls,  and  in  the  gorge  below, 
with  the  view  of  finding  the  distance  the  falls  have  receded  since 
Carver's  visit  to  1856,  and  also  since  Hennepin's  discovery.  A 
Une  across  the  river  gorge  through  Spirit  island  may  represent  the 
position  of  the  falls  at  the  time  of  their  discovery  ;  another  across 
the  foot  of  Hennepin  island  with  an  upward  curve  in  the  west 
channel  will  represent  Carver's  line  of  the  falls,  and  another,  one 
hundred  feet  below  the  limerock  on  which  stands  Farnham  and 
Lovejoy  's  mill-dan^,  may  represent  them  in  1866.  It  is  evident  that 
the  interval  between  Carver's  time  and  1856,  is  the  most  reliable 
datum,  the  statements  of  Hennepin  not  enabling  us  to  determine 
at  what  point  in  Spirit  island  the  falls  were  when  he  first  saw  them. 
StiU,  for  the  purpose  of  comparison,  a  point  has  been  assumed  as 
that  at  which  they  were  when  abreast  of  Spirit  island  at  the  time 
of  Hennepin's  visit,  and  Prof.  Rhame  has  taken  measurements 
from  it.  That  point  is  about  the  middle  of  the  undisturbed  limerock 
of  the  island,  and  415  feet  above  the  line  of  the  upper  end  of  the 
piers  of  the  lower  bridge  immediately  below,  in  a  large  re-entrant 
angle  in  the  undisturbed  limerock  on  the  east  side  of  the  island, 
which  angle  runs  from  the  top  of  the  limerock  to  the  bottom. 
The  interval  between  Hennepin's  line  and  that  of  Carver  is  300 
feet,  between  that  of  Carver's  and  that  of  1856,  is  606  feet,  making 
thi  whole  recession  since  Hennepin  906  feet. 

Conclusion. 

Between  Hennepin,  1680,  and  1856,  are  176  years  ;  the  recession 
in  that  time  was  906  feet,  or  an  average  of  5.15  feet  per  year. 
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The  time  needed  at  that,  rate  to  recede  from  Fort  Snelling  would 
be  8,202  years. 

Between  Hennepin  and  Carver  are  86  years ;  the  amount  of  re- 
cession was  about  300  feet,  or  3.49  feet  per  year.  The  time 
needed  at  that  rate  to  recede  from  Fort  Snelling  would  be  12,103 
years. 

Between  Carver  in  1766,  and  1866,  were  90  years  ;  the  recession 
in  that  interval  was  606  feet,  or  6.73  feet  per  year  ;  at  that  rate 
it  would  take  6,276  years  to  recede  from  Fort  Snelling. 

The  average  of  these  three  results  is  8,859  years.  Still,  the 
exactness  of  the  datum  between  Carver  and  1856,  is  such  that  the 
actual  time  of  such  recession  is  probably  more  nearly  expressed 
by  taking  that  only  into  the  calculation.  This  brings  the  glacial 
period  to  a  much  more  recent  date  than  some  other  means  of  cal- 
culation ;  but  it  is  probable  that  no  other  datum  so  exact  for  such 
a  calculation  has  ever  before  been  used. 

The  only  elements  of  possible  error  in  this  calculation  are  :— 
changes  in  the  volume  of  the  river,  and  incorrect  statement  for 
the  length  of  tte  gorge  between  the  falls  and  Fort  Snelling. 

In  regard  to  the  first  of  these  elements  of  uncertainty,  it  is  true 
that  the  river  may  have  been  larger  during  the  first  portion  of  its 
occupancy  of  this  channel,  on  account  of  the  proximity  of  the 
glacial  ice,  and  the  recession  hence  more  rapid  than  during  the 
latter ;  yet  the  width  of  th^  gorge  between  the  rock-bluffs  does 
not  perceptibly  change  from  Fort  SneUing  to  the  present  position 
of  the  falls.  Indeed,  the  widest  portion  of  this  gorge  seems  to  be 
where  the  falls  are  at  the  present  time.  Again,  the  datum  for  the 
calculation  is  all  taken  from  the  latter  portion  of  the  time  in- 
volved, and  would  more  than  balance  any  error  in  the  opposite 
direction.  It  is  not  altogether  certain,  moreover,  that  an  increase 
of  the  volume  of  water  would  hasten  the  recession.  The  rate  of 
recession  is  dependent  on  the  rapidity  of  the  undermining  of  the 
limerock  by  the  retro-action  of  the  falling  water  on  the  loose 
sandrock.  While  the  increased  momentum  of  the  water,  incident 
to  an  increase  of  volume,  would  highten  the  falls,  by  digging 
deeper  into  the  sandrock,  it  would  by  that  very  change  remove 
further  from  the  limerock  the  retro-action  of  the  falls,  and  hence 
would  leave  a  quantity  of  undisturbed  sandrock  to  support  lon^r 
the  limerock.  In  regard  to  the  second  element  of  uncertainty,  it 
would  be  found  that  the  gorge,  if  measured  carefully,  is  a  little 
longer  than  eight  miles  rather  than  less. 

If  the  occurrence  of  our  winter  in  aphelion,  caused  by  the  pre- 
cession of  the  equinoxes  and  the  revolution  of  the  line  of  the 
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apsides,  about  11,300  years  ago,  was  the  cause  of  our  last  glacial 
period,  the  greatest  effect  of  those  causes  wh^ch  had  their  greatest 
force  at  that  time,  was  probably  felt  at  a  considerably  later  date, 
as  suggested  by  Prof.  Rhame,  in  the  same  manner  as  the  greatest 
h^at  of  summer  is  not  felt  at  the  same  time  when  the  causes  which 
produce  it  have  their  greatest  activity. 

This  subject  has  been  treated  of  by  Dr.  E.  Andrews,  in  a  paper 
read  last  year  before  the  Chicago  Academy  of  Sciences,  but  the 
writer  has  only  seen  a  telegraphic  newspaper  notice  of  it.  The 
same  data  employed  by  Dr.  Andrews  were  furnished  the  writer  by 
Mr.  J.  L.  Gillespie,  of  the  XJ.  8.  Engineers'  office,  St.  Paul,  and 
are  employed  and  extended  in  the  data  foregoing. 

Xhe  reader  is  referred'  to  the  Report  of  the  Chief  of  Engineers, 
1875,  Part  I,  p.  386,  for  Gen.  G.  K.  Warren's  Essay  concerning 
important  physical  features  exhibited  in  the  valley  of  the  Minnesota 
rivery  and  upon  their  signification, 

Xeill's  history  of  Minnesota  from  the  French  Explorations  to  the 
present  time. 

Father  Hennepin's  works,  pubhshed  at  Paris,  Utrecht,  London, 
Amsterdam,  and  other  cities,  to  the  number  of  twenty -two  edi- 
tions, from  1683  to  1742. 

Historical  collections  of  Louisiana^  Part  IV,  contains  original  nar- 
ratives of  Hennepin  and  others  relative  to  the  early  exploration  of 
the  Mississippi  river,  translated  into  English. 

Three  years'  travels  throughout  the  interior  parts  of  North  Amer- 
ica.    Jonathan  Carver,  1766-7-8. 

Voyage  in  a  Six-oared  Skiff  to  the  Falls  of  St.  Anthony  in  1817. 
By  Major  Stephen  H.  Long.  Collections  of  the  Minnesota  His- 
torical Society. 

Narrative  Journal  of  travels  from  Detroit,  northwest  through  the 
grecU  chain  of  lakes  to  the  sources  of  the  Mississippi  river,  in  1820. 
H.  R.  Schoolcraft. 

Narrative  of  an  expedition  to  the  Sources  of  the  St.  Peter,  Lake 
Winnepeek,  &c.,  in  1823,  under  Major  S.  H.  Long;  by  W.  H. 
Keating. 

Geological  Reconnoissance  made  in  1836  from  the  seat  of  govern- 
ment to  the  Coteau  de  Prairie.     G.  W.  Featherstonhaugh. 

Material  Resources.    Fuel. 

There  is  a  large  annual  cut  of  cord-wood  from  the  timbered  por- 
tions of  Hennepin  county,  which  finds  market  at  Minneapolis  and 
St.  Paul.     This  comprises  sugar  maple,  iron  wood,  oak,  bass,  elm 
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and  soft  maple.  The  price  per  cord  varies  with  the  stringency  of 
the  money  market.  During  the  past  year  hard  wood  has  brought 
five  and  six  dollars  per  cord.  Osseo  is  an  important  primary  wood- 
mart;  but  large  quantities  are  hauled  by  the  first  owners  directly 
into  Minneapolis.  The  county  is  generally  heavily  wooded,  the 
thinly  wooded  and  prairie  portions  being  along  the  valleys  of  the 
Mississippi  and  Minnesota  rivers,  in  the  southeastern  portion. 

Building  Stone, 

The  quarries  on  the  east  side  of  the  river,  most  accessible,  are 
owned  by  the  St.  Anthony  Falls  Water  Power  Company,  and  are 
leased  by  them  to  various  parties,  mainly  to  Patterson  and  Baxter. 

The  quarries  on  Hennepin  island  are  turned  aver  to  the  Govern- 
ment for  use  in  the  tunnel,  but  are  owned  by  the  St.  Anthony 
Falls  Water  Power  Company. 

The  quarries  on  Nicollet  island  are  owned  by  Eastman  and  Com- 
pany and  are  worked  by  Henry  and  Abrams. 

The  Mississippi  and  Rum  river  Boom  Company  have  opened 
some  quarries  near  13th  street  north  on  the  east  side  of  the  river, 
and  take  from  the  old  river  bluffs,  back  from*  the  river,  a  thin  and 
weathered  stone  for  their  piers.  There  are  also  a  great  many 
openings  in  the  upper  portion  of  the  E.  Division,  by  parties  own- 
ing lots  that  cover  the  brink  of  the  Trenton  terrace.  In  these 
cases  attention  was  called  to  the  rock  generally  in  making  excava- 
vations  for  cellars. 

The  quarries  below  the  University  a  short  distance,  furnished 
the  stone  for  the  older  portion  of  the  University  building.  The 
rest  of  the  building  was  constructed  from  quarries  on  Nicollet 
island.  Quarries  are  now  wrought  below  the  University  near  the 
"  Old  Cheever  Landing,"  by  Edward  Maloney,  and  Mr.  Malone. 

The  quarries  on  the  west  side  of  the  river  are  owned  by  various 
parties,  the  whole  being  cut  up  into  lots  according  to  the  city  sub- 
divisions. Banks  Arenson,  Andrew  Emson,  Michael  Delaney, 
Holscher  and  Weeks,  Henry  Wax  and  Gteorge  McMullen  own 
those  below  the  falls  opposite  the  University. 

Three-fourths  of  a  mile  below  these  are  quarries  opened  by 
Franklin  Cook  and  Edward  Murphy. 

Quarries  in  Sec.  32,  Bloomington,  are  owned  by  H.  T.  Welles 
and  by  Mr.  Neuaer. 

The  stone  taken  from  these  quarries  is,  in  general,  an  aluminous 
blue  limerock,  without  much  variation  in  characters.  It  is  true 
that  there  are  two  or  more  different,  distinct,  strata,  with  different 
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qualities  of  rock,  as  describecT  in  giving  the  sections  of  the  Lower 
Trenton,  but  the  great  bulk  of  the  building  stone  is  taken  from 
the  same  stratum,  about  15  ft.  in  thickness,  which  is  the  per- 
sistent stratum  occupying  the  immediate  brink  of  the  Falls  of 
St.  Anthony.  The  rock  of  this  stratum  varies  only  with  the 
degree  of  exposure  to  which  it  has  been  subjected,  so  far  as  it  is 
seen  in  Hennepin  county. 

In  the  upper  part  of  the  city,  along  the  bluffs  of  the  old  river, 
as  in  the  quarries  opposite  Boom  island,  and  on  the  county  line  of 
Anoka  county,  this  rock  is  very  different,  to  a  considerable  depth, 
from  that  taken  out  below  the  falls.  It  shows  the  effects  of  very 
long  weathering,  probably  dating  from  pre-glacial  times.  These 
differences  are  all  accounted  for  by  the  known  effect  of  water  and 
iron,  with  the  aid  of  time,  on  the  shale  with  which  the  Lower 
Trenton  is  permeated.  The  thin  sheets  of  shale,  which  appear  as 
dark  belts  of  irregular  and  crooked  direction  on  the  newly -cut 
face  of  a  ^^ dimension  stone,'*  begin  to  decompose  after  the  lapse 
of  a  number  of  years,  causing  a  shattering  and  splitting  of  the 
whole  mass.  When  the  change  takes  place  under  the  surface  of 
the  earth,  but  where  the  natural  surface  waters  get  free  access, 
the  iron  that  always  accompanies  such  water,  aided  by  the  pyrites 
of  the  rock  itself,  gives  a  rusty  and  dirty,  or  yellowish  color  to  the 
rock  to  a  considerable  depth.  This  is  marked  sometimes  by  the  slow 
decomposition  of  the  limestone  itself,  and  by  the  sprinkling  of  sand 
or  loam  that  covers  the  rock.  In  the  face  of  these  changes  it  is  no 
wonder  that  a  great  many  who  have  not  watched  them  closely 
should  be  firmly  persuaded  that  the  different  aspects  could  not  be 
assumed  by  the  same  rock. 

Stone  seUs  from  50  cents  per  perch  of  16^  feet  (for  "  gray  rock ' ') 
to  65  cents.  This  is  for  rough,  non-dimension  stone.  For  range 
rock,  ("  blue  stone,'*)  water  table,  75  cents  to  $1.00  per  foot,  cut ; 
uncut  15  to  18  cents  per  foot. 

Brick  and  Pottery. 

There  is  a  small  pottery  establishment  in  upper  St.  Anthony, 
owned  by  Louis  Eampf,  the  clay  being  taken  from  the  Mississippi 
bank  adjoining.  The  jars  are  light-colored,  but  not  cream-colored. 
The  following  brick-yards  were  no^  in  Hennepin  county  : 
Peterson  and  Swansen,  N.  E.  i  Sec.  12,  Crystal  Lake,  above  the 
mouth  of  Shingle  creek.  The  brick  Aiade  here  are  cream-colored ; 
except,  if  poorly  burnt,  the  topmost  tier  of  the  kiln  has  a  reddish 
color.     They  are  molded  in  water.    Although  this  is  the  first  year 
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this  yard  has  been  opened,  it  wiD  turn  out  about  700,000.  DeUv- 
ered  in  Minneapolis  these  brick  sell  for  $8.00  per  thousand  ;  at  the 
yard  for  $7.00  per  thousand.  Mixed  wood  costs  $2.25  to  $2.50  per 
cord. 

The  Union  Brick  Company,  (Baxter,  Woodward  and  McNair,) 
Minneapolis,  have  made  two  and  a  half  millions  the  present  season 
(1876  ;)  generally  burn  five  millions  per  year.  Sell  for  $9.00  per 
thousand,  average  price.  Soft  wood  (basswood)  costs  $3.25  to 
$3.50  per  cord  ;  mixed  wood  (all  kinds  except  hard  maple  and  bass- 
wood)  costs  $3.75  to  $4.00  per  cord  delivered  at  the  yard.  For  a 
description  of  the  clay  the  reader  is  referred  to  the  drift-sections 
preceding.     The  brick  are  cream-colored. 

Daniel  Woodbury's  yard  is  a  short  distance  above  the  Union 
Brick  Company's  yard,  within  the  valley  of  Bassett's  creek,  and 
he  uses  the  same  general  deposit  of  clay,  but  perhaps  encounters 
more  calcareous  matter  in  the  form  of  concretions  and  bivalve 
shells.  His  brick  are  cream-colored,  and  also  reddish.  Mixed 
wood  costs  here  $3.25,  delivered  ;  makes  400,000  per  year,  selling 
at  $8.50  per  thousand,  or  $9.00,  according  to  the  haul. 

At  Dayton,  brick  are  made  by  Medorre  Arseno,  his  yard  being  the 
same  as  that  occupied  21  years  ago  by  Lyman  Dayton,  situated  on 
the  north  side  of  Crow  river.  The  brick,  which  sell  for  $8.50  per 
thousand,  at  the  kiln,  are  generally  of  a  cream  color,  but  those 
from  the  outside  of  the  kiln  are  tinged  with  red.  Two  or  three 
kilns  per  year  are  made  here.  Mixed  wood  is  worth  $1.50  per 
cord  ;  hard  wood  $2.00. 

In  Upper  St.  Anthony  the  old  brick -yard  of  Charles  Grotjann 
has  been  closed.  The  brick  made  were  red,  and  were  not  readily 
saleable. 

Geo.  Erhardt  has  opened  a  new  yard  at  the  N.  end  of  Lake 
Calhoun,  and  sells  red  brick  at  $8.00  per  thousand,  or  $8.50 
delivered. 

Quick-lime. 

There  has  been  some  lime  burnt  from  the  Lower  Trenton  at 
Minneapolis,  but  nothing  is  being  done  at  the  present  time. 
There  is  one  old  pot-kiln,  below  the  falls,  within  the  river  gorge, 
built  of  lime-rock,  owned  by 

Levi  Guia  bums  lime  from  boulders  at  Dayton.  His  kiln  has 
been  erected  eleven  years,  and  is  emptied  sometimes  to  the  number 
of  six  times  per  year.  He  sells  at  Anoka,  Princeton,  Elk  River, 
Monticello  and  Dayton,  and  sometimes  at  Minneapolis,  from  $1.50 
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to  $1.75  per  barrel.  Another  establishment  of  the  same  kind  is 
run  at  Frankfort,  in  Wright  county,  by  Mr.  Burnings,  and 
another  at  Otsego  by  Mr.  Ingleson. 

MUls  and  Water-powers. 

The  following  extracts,  from  the  Annual  Report  of  the  Minne- 
apolis Board  of  Trade  for  1876,  by  C.  C.  Sturtevant,  secretary, 
convey  a  correct  idea  of  the  importance  of  the  water-powers  of 
Hennepin  county,  and  particularly  of  the  Palls  of  St.  Anthony; 
"  The  vast  water  power  which  has  given  to  Minneapolis  her  pre- 
eminence as  the  great  manufacturing  centre  of  the  Northwest, 
and  is  destined  to  make  it  the  chief  commercial  city  of  the  State, 
is  furnished  by  the  Mississippi  river,  which  has  a  fall  of  82  feet 
within  the  city  limits.  The  volume  of  water  passing  over  these 
falls  and  rapids  at  the  ordinary  stage  has  been  estimated  by  com- 
petent engineers  at  120,000  horse-power.  Most  of  it  can  be  used 
with  the  present  improvements  with  from  40  to  60  feet  head,  and 
the  entire  flow  is  available  for  manufacturing  purposes.  The  first 
practical  use  made  of  this  power  was  in  1848,  when  a  dam  was 
built  from  Hennepin  island  to  the  east  shore,  and  four  saw  mills 
erected  on  it.  It  was  not  till  1857,  however,  that  the  present  sub- 
stantial improvements  were  fairly  inaugurated.  On  the  26th  of 
February,  1856,  the  St.  Anthony  Palls  Water  Power  Company 
was  chartered  by  the  Territorial  Legislature,  and  on  the  27th  of 
the  same  month  and  year  the  Minneapolis  Mill  Company  was 
chartered.  Both  charters  are  perpetual,  the  former  controlling 
the  water  from  the  centre  of  the  channel  on  the  west  side  of  Hen- 
nepin island  to  the  east  shore,  the  latter  from  the  same  point  to 
the  west  shore. 

"  Robert  Smith,  of  Alton,  Illinois,  was  the  first  president  of  the 
Minneapolis  Mill  Company,  and  in  1857,  W.  D.  Washburn,  Esq., 
was  appointed  secretary  and  agent.  The  same  year  C.  H.  Bige- 
low,  of  Lawrence,  Mass.,  a  civil  and  hydraulic  engineer,  made  sur- 
veys and  submitted  plans  for  improving  the  water-power  of  the 
Mill  Company.  The  construction  of  the  dam  and  opening  of  the 
canal,  commenced  in  September,  1857,  and  the  dam  was  completed 
in  January,  1858.  The  first  flouring  mill  (the  Cataract)  was  built 
by  Eastman  and  Gibson  the  same  year. 

**  The  appliances  for  controlling  and  utilizing  the  water-power  of 
this  company  consist  of  a  low  or  waste  dam  built  on  the  ledge, 
commencing  in  the  center  of  the  channel  of  the  river  and  connect- 
ing with  the  dam  of  the  St.  Anthony  Water-Power  Company, 
25 
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thence  running  down  stream,  diagonally  toward  the  westerly  shore 
400  feet ;  thence  a  high  dam  again  down  the  stream,  parallel  with 
the  shore  500  feet,  forming  a  pond  above  the  mills  ;  thence  at  right 
angels  400  feet  to  the  pier  at  the  head  of  the  canal,  upon  which 
last  portion  is  built  the  blook  of  saw  mills.  With  this  dam  a  head 
of  13  feet  is  obtained,  and  a  sufficient  supply  of  water  is  directed 
to  the  canal,  while  the  large  propprtion  of  the  water  passes  over 
the  low  dam  and  is  wasted  on  the  falls. 

^'  The  canal  is  excavated  along  the  shore  350  feet  to  a  point  op- 
posite the  brink  of  the  fall,  of  a  width  narrowing  from  80  feet  to 
65  feet,  and  below  this  point  600  feet  further  of  a  uniform  width 
of  56  feet,  and  carrying  a  depth  of  14  feet  of  water. 

"  The  mills  located  upon  the  property  improved  by  the  Minne- 
apolis Mill  Company  are  as  follows  : 

(1.)    Upon'or  near  the  canal  and  supplied  toith  tvater  therefrom. 

Sixteen  Flouring  Mills,  181  runs  of  stone. 

One  Woolen  Mill. 

One  Cotton  Mill. 

One  Iron  Works. 

One  Railroad  Machine  Shop. 

One  Planing  Mill,  Sash,  Door  and  Blind  Factory. 

One  Paper  Mill. 

One  300,000  bushel  Grain  Elevator. 

One  Machine  Shop. 

One  Mill-fiirnishing  Shop. 

One  Carding  Mill. 

(2.)     Upon  the  dam  of  the  Company : 

Seven  Saw-mills,  having  nine  gangs,  seven  double  circulars,  and 
other  appropriate  machinery;  daily  capacity  900,000  feet. 

(3.)  Upon  the  river  bank  above  the  canals  and  discharging  water 
through  the  First  street  tunnel : 

One  Saw  Mill. 
One  Planing  Mill. 
One  Machine  Shop. 
The  City  Water  Works. 

"  The  total  amount  of  power  utilized  by  the  Company  is  about 
4,600  horse  power. 
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"  The  present  officers  of  the  Company  are  Gen.  C.  C.  Wash- 
bum,  President ;  R.  J.  Baldwin,  Treasurer ;  William  D.  Hale, 
Secretary  and  Agent ;  C.  C.  Washburn,  D.  Morrison,  W.  D. 
Washburn,  R.  J.  Baldwin  and  C.  J.  Martin,  Directors. 

"  The  improvements  of  the  iSt.  Anthony  Falls  Water  Power 
Company  consist  of  a  dam  from  the  east  shore  to  Hennepin 
island,  400  feet  up  the  shore  of  Hennepin  island,  650  feet  from 
head  of  island,  west  200  feet,  thence  diagonally  to  the  dam  of  the 
Minneapolis  Mill  Company ,#600  feet ;  total  length  of  dam,  1,860 
feet.  The  Company  has  sold  eight  saw-mill  sites  on  the  dam  in 
the  east  channel,  which,  together  with  two  flouring  mills,  one 
machine  shop,  and  other  mills,  renting  power  for  manufacturing 
purposes,  utilize  about  1,300  horse  power  under  varying  heads. 

"  The  whole  water-fall  on  the  Company 's  lands  is  69  feet.  In  all 
further  developments  it  will  be  the  aim  of  the  Company  to  use 
the  water  under  a  head  of  from  40  to  60  feet,  voiding  the  water 
through  a  tunnel,  or  tail-race,  now  excavated  in  the  sand-rock 
under  the  limestone  ledge. 

"  The  original  improvements,  made  at  an  early  day,  amounting 
to  some  twenty  mills,  of  different  kinds,  were  destroyed,  mainly 
by  fire,  some  eight  years  since,  and  have  been  replaced  by  substan- 
tial structures.  The  Company  are  now  in  a  condition  to  utilize 
to  the  highest  capacity  the  power  controlled  by  them,  and  it  offers 
to  manufacturers  a  field  unsurpassed  in  the  Northwest. 

"The  present  officers  of  the  company  are  Richard  Chute,  Presi- 
dent; Samuel  H.  Chute,  Agent;  Ernest  Ortman,  Treasurer. 

"In  addition  to  the  mills  located  on  the  power  controlled  by 
these  companies  there  is  one  large  paper  mill  and  one  double  saw 
mill  in  operation.  By  the  above  it  will  be  seen  that  only  a  small 
portion  of  this  vast  water-power  is  now  in  use,  while  the  improve- 
ments of  these  companies  have  rendered  the  whole  flow  of  water 
available." 

"The  permanency  of  this  water  power  is  now  established  beyond 
a  question.  There  was  a  time  when  fears  were  expressed  that  the 
ledge  which  forms  the  falls  might  at  some  future  day  be  swept 
away  by  the  action  of  the  water;  but  all  apprehensions  of  such  a 
catastrophe  are  at  an  end.  The  Government  in  providing  for  the 
improvement  of  the  navigation  of  the  river  above,  aided  by  the 
water  power  companies  and  the  city,  has  now  completed  such 
works  as  render  the  falls  secure  for  all  future  time. " 
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Flouring  Mills  in  operation  in  Minneapolis  in  1876. 


Name. 


Cataract. 
Union . .  • 
Arctic... 
Pillsbory. 


5.   'Minneapolis. 
Washbnm  B . 

Dakota 

Zenith 

City 

North  Star . . 

Holly 

Empire 

Palisade 

Washburn  A . 

Galaxy > 

Anchor 

Hennepin . . . . 
Humboldt...^ 
Phoenix 


6. 

7. 

8. 

9. 
10. 
11. 
12. 
18. 
U. 
15. 
16. 
17. 
18. 
19. 
20.  iPettit  and  Robinson. 


When 

Built. 

gs^ 

z  ^ 

1859 

10 

1860 

5 

1861 

5 

1865 

11 

1865 

9 

1865 

11 

1867 

6 

1871 

6 

1862 

5 

1870 

5 

1872 

4 

1872 

9 

1878 

U 

1878 

41 

1874 

12 

1874 

12 

1875 

6 

1875 

6 

1876 

5 

1876 

15 

Name  of  Firm. 


D.  R.  Barber  and  Son. 
Darrow  and  Dibble, 
Hobart,  Shuler  &  Co. 
C.  A.  PlUsbury  &  Co. 
Crocker,  Fisk  &  Co. 
Washburn  &  Hazard. 
S.  8.  Brown  &  Co. 
Day,  liollins  &  Co. 
J.  C.  Berry  &  Co. 
H.  J.  G.  Crosswell. 
W.  F.  Cahill  &  Co. 
C.  A.  Pillsbury  &  Co. 
L.  Day  &  Sons. 
J.  A.  Christian  &  Co. 
W.  P.  Ankeny. 
C  A.  Pillsbury  &  Co. 
Mills,  Thompson  &  Co. 
Bull,  NewtoD  &  Co. 
Stamwitz  and  Shober. 
Pettit  and  Robinson. 


"The  product  of  the  foregoing  mills  for  the  year  1876  was  as 
follows; 


Product. 

Flour,  barrels 1,185,160 

Bran,  tons 50,945 


Value. 
$6,810,960 
509,450 

$7,820,410 


"  The  total  shipment  of  flour,  in  car  lots,  from  Minneapolis  by 
rail  during  the  year  1876,  amounts  to  1,000,676  barrels.  A  large 
quantity  is  shipped  in  small  lots,  and  sent  out  by  teams,  while  the 
city  consumption  amounts  to  40,000  barrels.  There  were  also 
50,000  barrels  in  store  in  the  city.  These  several  amounts  make 
up  the  difference  between  the  production  and  the  shipment. 
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Lumber  Mills  in  operation  in  Minneapolis  in  1876. 


Owner. 


Morrison  Bros 

J.Dean&Co  

Pettit  &  Robinson 

Minneapolis  Lumber  Co 

J.  B.  Bassett 

Eastman  and  Bovej 

Fambam  &  Lovejoy 

0.  C.  Merriman 

Minneapolis  Mill  Co.,  two  mills. 

Ellas  Moses 

F.P.Clark 

McMallen&  Co 

F.  G.  Mayo 

Todd,  Haven,  Leavitt  &  Co 

W.  C.  Baker,  Assignee 

Lee  Brothers  &  Co 

Wm.  H.  Eldred 

Jbo.  Gains 


Lumber. 


18,597,000 

14.128,164 

8,000,000 

17,000,000 

8,600,000 

10,200,000 

23,500,000 

19,986,404 

12,657,587 

8,000,000 

11,500,000 

2,000,000 

8,850,000 

9,600,000 

18,752,172 

500,000 


8,000,000 


184,621,277 


Shingles. 


1,645,000 
6,965,000 
8,500,000 
5,000,000 
8,000,000 
8,000,000 


2,701,750 
2,580,500 
8,000,000 


10,000,000 

4,fioo,noo 

4,522,000 

6,000,000 

28,000,000 

2,000,000 


86,004,250 


Lath. 


2,665,000 

1,650,860 

850,000 


2,000.000 
1,800,000 


2,819,500 
2,818,000 
2,000,000 
2,000,000 


450,000 

500,000 

1,406,000 


1,500,000 


21,869,850 


"The  production  of  lumber  was  the  first  manufacturing  indus- 
try introduced  into  Minneapolis,  and  has  added  more  largely  to 
the  population  of  the  city  than  any  other  branch  of  business. 
The  first  mill  was  erected  in  1848,  but  all  the  original  mills  built 
have  given  place  to  new  and  improved  structures.  At  this  time 
there  are  eighteen  sawmills  and  one  shingle  mill  in  the  city. 
Nearly  all  the  saw  mills  have  shingle  and  lath  mills  attached. 
The  lumber  product  is  distributed  through  the  states  of  Minnesota, 
Iowa,  Missouri,  Kansas,  Nebraska,  and  the  territory  of  Dakota. 
The  most  of  it  is  shipped  by  rail,  although  a  small  portion  is 
rafted  below  the  falls  and  floated  down  the  Mississippi  river  to 
St.  Louis  and  other  points.  '* 

Mills  in  operation  in  Hennepin  County  outside  the  city  of  Minneapolis, 

Pratt  and  Baird,  Richfield  P.  0.  ;  custom  and  ship  to  Minne- 
apoUs ;  4  runs  of  stone  ;  seven  feet  head  ;  dam  in  Minnehaha 
creek. 

Craik  and  Sons,  Edina  Mills  (also  known  as  the  Red  Mills ;) 
dam  in  Minnehaha  creek  ;  13  feet  head  ;  4  runs  of  stone  ;  custom 
and  ships  at  Minneapolis. 

Metz  and  Peacka,  below  Minnehaha  Falls  ;  dam  in  Minnehaha 
creek  ;  11  feet  head  ;  two  runs  of  stone  ;  custom. 
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Baxter  and  Northway,  Champlin  ;  Champlin  Mills  ;  two  runs  of 
stone  ;  Elm  Creek  power  ;  fall  16  feet ;  shipping  and  custom. 

Weitzel  and  Hurlbut,  Dayton ;  Dayton  Mills  ;  Crow  river  power  ; 
fall  9  feet ;  five  runs  of  stone  ;  ships  at  Itasca. 

Henry  Weitzel,  sec.  10,  Maple  Grove  ;  Maple  Grove  MiDs  ;  Elm 
creek  power  ;  12  feet  fall ;  two  runs  of  stone  ;  custom. 

McAfee  and  company,  N.  W.  i  sec.  21,  Bloomington ;  Bloom- 
ington  Mill ;  26  feet  head  ;  three  runs  of  stone. 

Balm  Brothers,  sec.  26,  Eden  Prairie  ;  Eden  Prairie  Mills;  two 
runs  of  stone. 

Minnetonka  Mill  Company,  Minnetonka  City ;  Minnetonka 
Mills ;  dam  in  Minnehaha  creek ;  12  feet  head ;  seven  runs  of 
stone ;  shipping. 

Herrick,  Douglas  &  Co.,  on  Minnehaha  creek ;  Globe  Mills ; 
eight  feet  head  ;  four  runs  of  stone  ;  shipping. 

Medicinal  Waters, 

Some  of  the  springs  of  the  county  have  a  local  repute  for  medic- 
inal qualities.  The  Chalybeate  Springs  of  Minneapolis  consist  of 
a  copious  discharge  of  water  from  the  top  of  the  shale  layer  be- 
tween the  main  calcareous  members  of  the  Lower  Trenton  in  the 
bluff  of  the  river.  They  are  situated  just  below  the  falls,  on  the 
east  side  of  the  river.  The  overlying  layer  of  limerock  is  parted 
along  some  planes  and  allows  the  water  to  enter  it,  but  the  shale 
is  nearly  impervious,  and  sheds  it.  The  water  is  not  originally 
from  the  rock,  but  is  the  drainage  from  the  drift,  and  the  bog 
swamp  east  of  St.  Anthony.  It  probably  derives  its  iron  from  the 
ferriferous  drift  of  the  bluffs  east  of  St.  Anthony;  passes  into  the 
swamp,  deposits,  affcer  evaporation,  a  considerable  iron  as  a  bog 
iron  ore,  and  carries  on  what  it  does  not  leave  in  the  swamp,  pene- 
trating the  gravelly  and  sandy  drift  between  the  swamp  and  the 
river  bank.  The  iron  is  deposited  as  a  peroxide  on  the  rock  over 
which  the  water  runs.  The  taste  of  the  water  is  very  pleasant^ 
and  is  similar  to  that  of  a  number  of  wells,  which  afford  Chalybeate 
water,  situated  further  back  from  the  river  and  on  the  margin 
of  the  swamp.  Although  this  water  is  known  as  Chalybeate,  from 
the  copious  deposit  of  iron  it  gives  on  exposure  to  the  air,  yet  the 
quantity  of  iron  present  is  very  small. 

On  analysis  Mr.  S.  Dana  Hayes,  of  Boston,  has  said:  "  When 
heated  it  evolves  gas  ;  affcer  some  evaporation  it  becomes  opales- 
cent, and  finally  deposits  a  precipitate,  while  it  becomes  more  and 
more  alkaline.     It  has  the  chemical  character,  and  is  strictly  an 
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alkaline  mineral  watery  resembling  well-known  waters  found  in  the 
northern  part  of  Vermont,  and  in  Germany  and  elsewhere  in  Eu- 
rope. "    Mr.  Hayes  gives  the  following 

Analysis, 

"One  United  States  gallon,  or  231  cubic  inches,  contains  nine-' 
teen  and  eighty -four  hundredths  grains  of  solid  dry  mineral  matter^ 
consisting  of: 

Potash ; 1.267 

Soda. i 1.900 

SodiQiD 06O 

Lime 5.894 

Magnesia 1.589 

Ammonia. •.......; « Trace 

Alamlna •> Trace 

Protoxide  of  Iron • .02S 

Sulphuric  acid 117 

Chlorine 104 

Silicic  acid 646 

Carbonic  acid,  combined 8.106 

Crenic  acid,  organic • 640 

Total..# 19.840 

"  These  elements  are  probably  combined  in  the  water  forming 
the  foUowiug  salts  and  compounds  : 

Carbonate  of  potash • Sulphate  of  potash. 

Carbonate  of  soda Silicate  of  soda. 

Carbooate  of  lime .- Chloride  of  Sodium. 

Carbonate  of  magnesia'. Crenate  of  iron,  etc. 

"  All  the  corbonates  named  exist  in  the  state  of  bicarbonates  ; 
and  the  gases  present  are  carbonic  acid,  oxygen  and  nitrogen ; 
the  water  containing  three  and  three-tenths  volumes  of  mixed 
gases  in  one  hundred  volumes  of  water.  The  aeration  of  this 
water  renders  it  a  pleasant  beverage,  and  prevents  the  sense  of 
heaviness  after  it  has  been  drank  in  quantities.  Beside  the  alter- 
native medicinal  qualities  possessed  by  this  water  when  taken  in- 
ternally, it  will  be  found  beneficial  in  hot  and  cold  baths,  especially 
in  certain  cases  of  skin  disease.  And  it  may  be  bottled  and  kept, 
retaining  all  its  virtues  for  months  without  material  alteration." 

The  Russell  Mineral  Spring,  situated  near  the  margin  of  the 
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same  swamp,  is  described  by  Prof.  Peckham  on  page  61,  of  the 
general  report  for  1876.  This  water  has  nearly  the  same  chemical 
composition  as  that  above  mentioned,  and  within  less  than  a  grain 
the  same  total  solid  matter  per  gallon,  deposits  on  exposure  a  perox- 
ide of  iron,  and  is  probably  from  another  drainage  course  from  the 
same  general  reservoir — the-  peat  marsh  lying  between  the  rivet 
.  and  the  drift  bluflfe,  on  the  east  side  of  the  river. 

At  points  a  little  further  down  the  river,  near  the  University, 
the  water  that  runs  down  the  bluff  from  springs  issuing  near  the 
top  of  the  bluff,  deposits  a  calcareous  tufa,  which,  in  favorable 
circumstances,  has  become  several  feet  thick.  When  the  spatter- 
ing water  falls  on  moss,  which  often  grows  in  such  damp  spots, 
it  covers  the  moss  with  a  film  of  carbonate  of  lime  which,  by  grad- 
ually increasing,  imprisons  the  moss,  killing  it,  but  takes  its  form 
and  even  its  name,  the  moss  itself  gradually  oxidizing  and  passing 
off  in  the  air,  as  grass  decays  on  the  prairie.  The  deposit— loose 
and  spongy — ^is  then  known  as  "Petrified  Moss.*' 

The  "Great  Medicine  Spring,**  an  old  resort  for  the  Indians,  is 
situated  a  few  miles  west  of  Minneapolis,  on  the  land  of  Mr. 
Wales.  It  also  is  chalybeate,  but  its  exact  chemical  qualities  are 
not  known. 

EaHhworks.         -^  ,. 


jents  a  rich  fie 


Hennepin  county  presents  a  rich  field  for  the  anthropologist, 
a  field,  however,  which  has  not  been  much  explored.  In  the  sur- 
vey of  the  county  artificial  mounds  were  seen  in  a  number  of 
places  ;  the  following  were  noted : 

There  are  two  large  mounds  on  the  south  bank  of  Crow  river, 
at  Dayton,  forty  feet  across  and  about  ten  feet  in  hight. 

Four  are  on  Mr.  Aaron  Hoag's  land,  sec.  18,  Hassan. 

There  is  another  large  mound  on  James  Beam  *$  land,  two  miles 
above  Dayton,  on  the  north  side  of  the  river. 

There  are  a  great  many  mounds  along  the  Minnesota  river, 
above  Fort  Snelling  ;  two  or  three  on  sec.  1,  Bloomington  ;  one 
is  on  the  road  near  Mr.  Van  Ness',  near  the  line  between  sections 
1  and  12,  Bloomington  They  occur  on  Mr.  Bro8seau*s  land,  sec. 
14,  and  frequently,  along  the  bluff,  further  up,  as  far  as  Shakopee 
at  least. 

There  is  a  large  mound  on  sec.  27,'8den  Prairie,  visible  for  some 
distance  across  the  prairie. 

There ^s  a  mound  on  S.  E.  i  sec.  1,  Minnetonka,  near  Wayzata. 

At  Mound  City,  at  the  western  end  of  Lake  Minnetonka,  are 
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"about  40"  mounds  on  Sec  24,  Minnetrista.  A  number  of 
others  are  on  Nobles  island,  near  the  same  place  ;  others  are  on  N. 
Saunders'  farm  near  Halstead's  Bay,  Sec.  22.  There  are  others  at 
Excelsior,  on  P.  M.  Gideon's  land,  Sec.  28. 

Some  at  Palmer's  lake  have  been  opened  by  members  of  the 
Minnesota  Academy  of  Natural  Sciences,  and  their  contents 
described  by  Dr.  A.  E.  Johnson.  A  fine  specimen  of  a  shin-bone, 
characteristic  of  the  Mound-Builders  was  taken  from  a  mound  at 
Palmer  lake. 

On  the  land  of  James  Shaver,  NW.  i  Sec.  17,  Minnetonka,  are 
a  great  many  mounds.  In  the  summer  of  1875  a  number  of  these 
were  located  by  chain  and  compass  by  a  party  from  the  Minnesota 
Academy  of  Sciences.-  They  were  found  to  lie  on  the  bluff  and 
knolls  overlooking  the  water  of  the  lake,  following  the  higher 
land,  without  regard  to  direction  or  relative  position.  No  plan  or 
order  was  discemable,  though  about  20  were  carefully  surveyed. 
They  vary  in  height  from  two  or  three  feet  to  five  or  six,  and  from 
ten  feet  in  diameter  to  forty.  There  are  in  that  neighborhood 
fifty  or  more  within  the  area  of  a  quarter-section  of  land. 

Eight  mounds  of  the  same  kind  are  seen  on  Widow  Ferguson's 
land.  Sec.  23,  Excelsior,  also  overlooking  the  lake.  Others  are  on 
NW.  i  Sfec.  11,  Medina,  land  of  Albert  Johnson  ;  and  on  Samuel 
Barto's,  Sec.  7,  Minnetonka  ;  a  large  one  is  on  the  first  high  point 
east  of  Oale's  island,  on  Big  island. 
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IX. 
REPORT  ON  THE  GENERAL  MUSEUM. 

CONTAINING  THE  COLLECTIONS  OF  THE  GEOLOGICAL  AND  NATURAL 
HISTORY  SURVEY  ;  FOR  THE  YEAR  1876, 


By  N.  H.  Winchelly  Curator. 


During  the  Fall  of  1875  the  cases  designed  for  the  Museum  were 
completed  so  far  as  they  had  been  contracted  for,  and  during  the 
Christmas  vacation  they  were  filled  by  the  display  of  the  Ward 
Casts.  Another  larger  case  was  immediately  built  in  the  same 
room  for  the  reception  of  the  mounted  mammals.  Thus  three 
sides  of  the  room  were  occupied  with  suitable  cases.  In  the  center 
were  placed  some  of  the  larger  of  the  casts,  including  the  Glypto- 
don,  and  the  Mastodon,  on  pedestals.  The  Megatherium  is  also 
designed  for  this  group,  but  has  not  yet  been  unboxed.  It  became 
evident  at  once  that  the  room,  even  if  supplied  with  all  the  cases 
it  could  contain,  was  too  small  to  accommodate  the  collections  on 
hand.  The  Regents  have  concluded  therefore  to  carry  out  the 
original  plan  and  to  devote  the  other  large  room,  across  the  liall 
from  the  first,  to  a  strictly  geological  and  mineralogical  cabinet, 
reserving  the  first  mainly  for  zoological  specimens. 

Several  boxes  of  fossils  belonging  to  the  survey  were  opened  and 
carefully  studied  and  labeled  during  the  siunmer,  but  owing  to  the 
lack  of  suitable  cases  they  were  retained  in  the  geological  labora- 
tory. Mr.  Herrick  labeled  the  shells  on  exhibition  that  were  pur- 
chased of  H.  T.  Woodman,  and  collected  about  a  hundred  native 
birds.     These  are  not  mounted,  but  are  skinned  and  stuffed. 

The  Museum  has  had  large  accessions  during  the  year  through 
donations  and  purchases  at  the  Centennial  Exhibition.  Some  of 
these  specimens  have  been  catalogued  and  labeled,  as  may  be  seen 
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by  the  accompanying  statement,  but  the  most  of  them  have  not. 
The  principal  donors  were  the  following: 

The  Geological  Survey  of  Canada,  through  A.  R.  C.  Selwyn, 
Director. 

The  Central  Pacific  R.  R.     California. 

The  Pennsylvania  Diamond  Drill  Company. 

The  Wisconsin  Geological  Survey,  through  Mr.  E.  T.  Sweet. 

The  Pacific  Guano  Company.  # 

The  Kentucky  Geological  Survey,  through  John  R.  Proctor, 
Secretary  of  the  Survey. 

Tennessee  Centennial  Commission,  through  Gten.  J.  T.  Wilder. 

The  Land  Department  of  the  Little  Rock  and  Port  Smith  R.  R. 

The  Selma,  Rome  and  Dalton  R.  R.    Alabama. 

Some  minerals  also  were  purchased  at  favorable  rates  of  Mr. 
Herbert  R,  Saunders  and  of  Prof.  A.  E.  Poote. 

The  most  important  addition  to  the  mineralogical  collections 
made  during  the  year  was  in  the  purchase  of  the  entire  cabinet 
collection  of  Mr.  Geo.  F.  Kunz,  of  Hoboken,  N.  J.  This  has  not 
been  received  yet  at  the  University,  and  is  not  enumerated  in  the 
following  catalogue.  In  general  it  embraces  a  complete  set  of 
zinc  and  iron  ores,  and  species,  so  far  as  they  can  be  got  in  the 
locality  of  Franklin  and  Ogdensburg,  N.  J. ;  also  a  collection  pre- 
pared by  the  late  Charles  Clifton,  for  Owen's  college,  England; 
also  a  general  series  of  mineral  species  in  excess  of  the  foregoing 
zinc  and  iron  compounds  amounting  to  at  least  125  species,  with 
many  duplicates.  Fifteen  boxes  of  this  collection  have  been  re- 
ceived. There  are  still  about  twenty  more.  No  systematic  at- 
tempt has  been  made  to  catalogue  the  zoological  specimens.  The 
following  is  a  list  of  the  geological  and  mineralogical  specimens  so 
far  as  they  have  been  examined  and  labeled: 
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X. 

ORNITHOLOGICAL  NOTES. 


By  C.  L,  Herrick, 


Minneapolis,  Dec,  1876. 
Prof.  Winchell : 

Tie  work  represented  by  the  following  list  of  birds  was,  of 
course,  much  impeded  by  the  difficulties  incident  to  the  season 
during  which  it  was  prosecuted;  for  not  only  are  there  compara- 
tively few  birds,  and  those  of  the  commonest  species  to  be  found 
during  the  heated  term,  but  those  actually  collected  are  often  unfit, 
on  account  of  the  summer  moult,  for  preservation  or  study. 

Yet  though  the  field  work  was  over  before  the  fall  migration  was 
fairly  commenced,  a  few  facts  of  some  interest  were  noticed. 

From  observations  made  during  the  summer  it  would  seem  that 
the  Brotherly-Love  Vireo  (Vireo  phikuklphicus)  is  not  as  rare  as 
until  recently  supposed,  and,  indeed,  it  may  be  found  to  be  quite 
as  common  in  this  locality  as  the  Vireo  gilvus.  The  vireos  col- 
lected were  shot  without  discrimination,  yet  two  were  quite  typi- 
cal specimens  of  philadelphicus. 

The  results  obtained  from  the  study  of  the  few  shrikes  as  yet 
collected  at  Minneapolis  are  so  unexpected  and  withal  so  contra- 
dictory, that  the  following  remarks  are  given  with  some  hesitancy, 
especially  as  they  are  at  variance  with  what  has  been  written  upon 
these  birds  by  others  who  have  collected  in  this  State. 

The  Great  Northern  Shrike,  or  CoUurio  borealisy  is  as  yet  only 
noted  as  occurring  during  Spring  and  Fall.  I  have  never  heard  of 
the  nest  in  this  vicinity.  I  am  led  to  believe  that  the  bird  is  some- 
what rare,  even  during  the  migrations,  for  in  the  Spring  it  is  very 
conspicuous  from  the  habit  it  has  of  perching  on  a  high  tree  and 
uttering  at  intervals  its  peculiar  metallic  cry  on  its  arrival  in  any 
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locality;  and  thus  the  comparatively  small  number  of  specimens 
collected  is  more  significant. 

The  smaller:  shrikes,  so  abundant  here,  or  many  of  them,  seein 
to  partake  of  the  characteristics  of  both  varieties,  viz:  Itidovicianus 
and  excubitaroides.  The  three  in  the  museum  seem  to  me  to  nearly 
accord  with  the  descriptions  of  Itidovicianus.  They  all,  together 
with  two  in  my  own  collection,  have  the  two  inner  tail  feathers 
black  to  the  bases;  but  another,  which  also  possesses  several  other 
resemblances  to  excubitoroides,  has  evident  white  patches  on  all  the 
tail  quills.  Again  a  number  of  these  birds  in  the  possession  of 
Mr.  T.  S.  Roberts  agree  inldisagreeing  with  every  description  of 
either  variety. 

I  draw  from  these  facts  the  inference  that  the  variety  ludovi* 
cianus  predominates  over  the  other,  but  that  the  types  are  mingled 
and  blended  so  as  to  baffle  any  accurate  identification. 

The  nesting  of  these  birds  may  be  easily  observed  in  many  parts 
of  the  suburbs,  but  the  nests  are  often  mistaken  for  those  of  the 
more  northern  Butcher  Bird. 

Perhaps  the  Red-bellied  Nuthatch  may  be  less  rare  during  mi- 
gration than  supposed,  if  searched  for  in  suitable  localities. 

The  bird-fauna  of  the  State  has  received  one  addition  in  the 
tern  Sterna  caspia  (Thalassus  c.  Boie.)  This  is  the  largest  of  the 
terns,  alid  is  a  very  beautiful  and  striking  bird.  The  only  speci- 
men as  yet  identified  from  this  State,  as  far  as  I  am  aware,  was 
secured  at  Long  Lake  by  Will  Secombe,  of  Minneapolis,  by  whom 
it  was  presented  to  the  museum. 

The  English  House-Sparrow  was  simultaneously  observed  by 
Mr.  Roberts  and  myself  during  the  early  part  of  the  winter  about 
the  streets  of  the  city,  and  I  learn  from  that  observer  that  they 
have  survived  our  severe  weather  as  yet. 

The  fact  that  birds  are  often  infested  by  intestinal  worms  par- 
ticularly the  Tape  Worm,  (Taenia)  has  attracted  so  much  notice  of 
late  that  I  mention  the  collection  of  a  variety  of  these  parasites 
from  the  solitary  Tattler  ;  also  a  quasi-parasitic  colony  of  crusta- 
ceans found  upon  a  goose.  I  received  from  Mr.  Roberts  several 
specimens  of  crustaceans  collected  from  Hutchins'  goose,  found 
deeply  imbedded  in  the  feathers  near  the  skin.  These  proved  to 
be  miniature  Sand  Fleas  (fresh  water.)  Of  course  it  is  hardly  to 
be  supposed  that  this  was  more  than  an  accident.  I  cannot 
account  for  this  except  by  supposing  it  to  be  the  result  of  the  pro- 
clivity of  these  fleas  (so  often  noticed)  to  wedge  themselves  in  the 
thick  masses  of  leaves  upon  the  Bladder- wort  and  other  water 
plants. 
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^  VE8 


Note.    A  star  (*)  Algnlfles  male.    A  dagger  (f)  denotes  the  female. 


TURDIDiE. 


1.  fiarpochyochus  nifos.   Cab.    Brown  Thrash.    Minneapolis,  Ang.  20th, 

1876.    (69.) 

2.  Mlmus  caroUnensls.    Cab.    Cat  Bird.*    Minneapolis,  May  lith,  1875. 

(26.) 

SlTTIDJE. 

8.    Sitta  caroUnensls.    Gm.    White-Bellied  Nuthatch  *    Minneapolis,  Ang. 
12th,  1876.    (6i.) 

4.  Sitta  caroUnensls,  Gm.    Whlte-BeUled  Nuthatch.    Minneapolis,  July 

24th,  1876.     (66.) 

5.  Sitta  canadensis,  L.    Bed-Bellied  Nuthatch.    Minneapolis,  Aug.  16th, 

1876.    (66.)    Ifotoomtnon. 

STLVICOUDiB. 

6.  Mnlotilla  varia.    yieill.   Black  and  White  Creeper.*  MlnneapoUs,  Ang. 

16th,  1876.    (10.) 

7.  MniotUla  yarla.   VleiU.    Black  and  White  Creeper.  'Minneapolis,  Ang. 

18th,  1876.     (77.) 

8.  Pendroeea   »stlTa.    Bd.    Golden   Warbler.    Minneapolis,    May    7th, 

1875.  (6.) 

9.  Dendroeea  sestiva.    Bd.    Golden  Warbler.*    Minneapolis,  Aug.   16th, 

1876.  (7.) 

10.  Dendrceea  »stiva.    Bd.    Golden  Warbler.^    Minneapolis,  Aug.  14th, 

1876.    (8.) 

11.  Dendroeea  coronata.    Gray.    YeUow-Rumped  Warbler. f    Minneapolis, 

May  15th,  1875.    (9.) 

12.  MniotUla  varla.    VieiU.    Black  and  White  Creeper.    Minneapolis,  Ang. 

18th,  1876.     (76.) 
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18.    Selnros   aarocapUlus.    8w.    Golden-Crowned  Thrush.*    Minneapolis, 
Aug.  20th,  1876.    (79.) 

14.  Seinms  aarocaplUos.    Sw.    Oolden-Crowned  Thrash.    Minneapolis, 

May  15th,  1876.    (4.) 

15.  Seitums  noTembraeinsis.   Natt.  Water  Thrash.  Lake  Minnetonka,  Aug. 

14th,  1876.    (5.) 

16.  Setophaga  raticilla.    Sw.    Bed  Start.*    Minneapolis,  Aug.  SOth,  1876. 

(80.) 

17.  Setophaga  ratlcUla.    Sw.    Bed  Start.*    Minneapolis,  Aug.  aoth,  1876. 

(81.) 

18.  Setophaga  raUciUa.    Sw.    Bed  Start.   Minneapolis,  Aug.  15th.    (15.) 

TANAORIDiE. 

19.  Fyranga  rabra.  Vieill.    Scarlet  Tanager.*  Minneapolis,  July  19th,  1876. 

(28.) 

HiRUNDINIDiE. 

50.  Cotyle  rlparla.    Bole.    Bank  Swallow.*    Minneapolis,  Aug.  14th,  1876. 

(47.) 

ABiPELIDiE. 

51.  Ampelis  cedroram.    Bd.    Cedar  Bird.*    Minneapolis,  July,  1876.  (25.) 

VlBSODINiE. 

22.    Vireo  olivacea.    L.    Bed-eyed  Vireo.*    Minneapolis,  July  19th,  1876. 

(11.) 
28.   Vireo phllidelphica.  Cassin.    Philidelphia  Vireo.    Minneapolis,  Aug. 

1876.    (14.) 

24.  Vireo  phllidelphica.  Cassin.    Philidelphia  Vireo.    Minneapolis,  Aug. 

20th,  1876.    (78.) 

25.  Vireo  gilya.    Cass.    Warbling  Vireo.*    Minneapolis,  July  11th,  1876. 

(12.) 

26.  Vireo  liaTlftons.  Bd.  Yellow-throated  Vireo.*  Minneapolis,  Aug.  16th, 

1876.    (13.) 

Lanid^. 

27.  CoUarlo  IndlYicianus.    Bd.    Loggerhead  Shrike.*    Minneapolis,  Aug., 

1876.    (7.) 

28.  CoUorio  ludividanus.    Bd.    Loggerhead  Shrike.f    Minneapolis,  July 

20th,  1876.    (2.) 

29.  CoUurio  ludiYicianus.    Bd.    Loggerhead  Shrike.    Minneapolis,  1875.* 

(3.) 
30 
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^         FRINOILLn>£. 

80.  Chrysomltris  tristls.    Bon.    Yellow  Bird.f    Minneapolis,  Nov.  26th, 

1875.  (81.) 

81.  Chrysomltrlstristis.   Bon.   Yellow  Bird/*  Champlln,  Minn.,  June  18th, 

.  187B.    (80.) 

82.  Plectrophanes  nlralls.  *  Meyer.    Snow  Banting.*    Minneapolis,  Nov. 

80th,  1876.     (88.) 
88.    Plectrophanes  nlralis.    Meyer.    Snow  Banting. f    Minneapolis,  Nov. 
30th,  1876.    (89.) 

84.  PooBcetes  gramineas.    Bd.     Grass  Finch.     Minneapolis,   Aag.    16tb, 

1876.  (86.) 

85.  Pooecetes  gramlneas.     Bd.     Grass  Finch.    Minneapolis,  Aag.  1876. 

(86.) 
SQ,    Spizella  socialis.    Bon.    Chipping  Sparrow.**    Minneapolis,  Aag.  14th, 
1876.    (82.) 

87.  Spizella  monClcolor.    Bd.    Tree  Sparrow.*     Minneapolis,  Oct.  9th» 

1876.    (84.) 

88.  Spizella  pallida.    Bon.    Clay-Colored  Banting.*    Minneapolis,  Aag., 

1876.    (88.) 

89.  Spizella  pallida.    Bon.    Clay-Colored  Banting. f    Minneapolis,  May  7th, 

1875.  (84.) 

40.  Chondestes  grammaca.    Bon.    Lark  Finch.    Minneapolis,  1875.    (88.) 

41.  Melodpiza  melodla.    Bd.    Song  Sparrow.*    Minneapolis,   Aag.  12th, 

1876.  (87.) 

42.  Goniaphea  ladivlciana.    Bowdich.    Rose-Breasted  Grosbeak.*    Mtnne* 

apolls,  Jane,  1875.    (27.) 
48.    Conlaphealudlviclana.    Bow.    Rose-Breasted  Grosbeak.    Minneapolis, 
Aug.  18th,  1876.    (75.) 

44.  Cyanosplza  cyanea.    Bd.    Indigo  Bird.*    Minneapolis,  Jnly,  1876.  (29.) 

45.  Pipllo  crythrophthalmas.    Vielll.    Chewlnk.*    Minneapolis,  Aag.    M, 

1876.    (89.)  f 

46.  Janco  hyemalis.    Sd.    Snow  Bird.*    Minneapolis,  Oct.  9th,  1876.  (88.) 

lETKRIDiE. 

47.  DoUchonyx  oryzivorns.   Sw.    Bobolink.*  Minneapolis,  Jnly  20th,  1876. 

(42.) 

48.  Agelseas  phoenicas.    V.    Red- Winged  Black  Bird.*    Minneapolis,  Aag. 

4tb,  1876.     (41.) 

49.  Stamella  magna.    Sw.    Meadow  Lark.*    Minneapolis,  Jaly  18th,  1876. 

(40.) 

50.  leteras  baltlmore.   Daadin.   Baltimore  Oriole.*   Minneapolis,  May  22d, 

1875.     (21.) 
*51.    leteras  sparias.    Bon.    Orchard  Oriole.*    Minneapolis,  1875.    (22.) 
52.    leteras    sparius.    Bon.    Orchard   Oriole.*    Minneapolis,  1875.    Juv. 
specimine,    (28.) 
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W.    leterns  spurius.   Bon.    Orchard  Oriole.f   Minneapolis,  July,  1876.  (24.) 

CoRvn)^. 

£4..  Corvascoraz.    L.    RaVen.*    {MouniUd,,)    Minneapolis, Oct.,  1876.  (85.) 
Not  common. 
Presented  by  JV.  Herricky  Esq. 

55.  Cyanuras  cristatns.    Sw.    Blue  Jay.    Minneapolis,  Jaly  20th,   1876. 

(45.) 

Tyrannid^. 

56.  Tyrannns  carollnensls.    Bd.  King  Bird.*  Minneapolis,  May  14th,  1875. 

(20.) 

57.  Contonops  virens.    Cab.    Wood  Pewee.*  Minneapolis,  Ang.  11th,  1876. 

(16.) 

58.  C.  Tirens.  Cab.  Wood  Pewee.*    Minneapolis,  Aug.  15th,  1876.  (17.) 

59.  C.  virens.  Cab.  Wood  Pewee.f    Minneapolis,  Aug.  15th,  1876.  (18.) 

60.  C.  Yirens.  Cab.  Wood  Pewee.    Minneapolis,  July,  1876.    (19.) 

Caprimulgid^. 

61.  Chordeiles  vlrginlanns.   Bon.    Night  Hawk.*    Minneapolis,  Aug.  16th,^ 

1876.    (44.) 

Cypsblid^. 

62.  Cotyle  pelasglo.    Bd.    Chimney  Swift.*    Minneapolis,  July  10th,  1876. 

(48.) 

Alcedinidje. 

68.    Cryle  alcyon.    Bole.    Belted  Eingflsher.    Minneapolis,  Ang.  1st,  1876. 
(46.) 

PlCID^. 

64.  Pleas  pubescens.   L.   Downy  Woodpecker.*    Minneapolis,  July,  1876. 

(60.) 

65.  Pitos  pubescens.    L.    Downy  Woodpecker.*    Minneapolis,  Aug.  16th, 

1876.     (61.) 

66.  Picas  pubescens.    L.    Downy  Woodpecker.*    Minneapolis,  Aug,  30th, 

1876.     (73.) 

67.  Melanerpes  erythrocephalus.  Sw.   Bed-headed  Woodpecker.   July  28dr 

1876.    (62.) 

68.  Melanerpes  erythrocephalus.    Sw.    Red-headed  Woodpecker.*    Minne- 

apolis, Aug.  28th.    (71.) 
68.    Colaptes  auratus.    Sw.     Oolden-winged   Woodpecker.    Minneapolis,. 
April  29th,  1875.    (63.) 
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70.  Colaptes   aaratas.    Sa.    Gtolden- winged  Woodpecker.*    Minneapolis, 

Ang.  S8th,  1876.    (72.) 

STRiaiDiB. 

71.  Bnbo  vlrglDlanos.   Wilk.   Great-horned  Owl.*  Minneapolis,  Nov.,  1876. 

(86.)    Fnm  OoUection  cf  0.  L.  Berrick, 

Falconidjb. 

t 

72.  Faloo  sparyertns.   L.    Sparrow  Hawk.  Minneapolis,  Ang.  2, 1876.  (67.) 
78.    Talco  sparyerlos.    L.    Sparrow  Hawk.    Minneapolis,  Ang.  18th,  1875. 

(68.) 
74.    Bnteo  borealls.    VieilL    Bed-tailed  Hawk.*    Jav.    Minneapolis,  Joly, 
1876.    (82.)    {Mounted.) 

COLUMBIDJB. 

76.    Ectoplstes  migratorlns.    8w.    Wild  Pigeon.    Minneapolis,  Jnly  11th, 
1876.     (68.) 

76.  Ectoplstes  migratorlns.     8.    Wild  Pigeon.    Minneapolis,  Jnly  11th, 

1876.    (69.) 

TSTRAONIDJB. 

77.  Bonasa  nmbellns.  Stephens.    Rnffed  Gronse.    Minneapolis,  Joly,  1876. 

(48.) 

CHARADBUDiB. 

78.  ^glalitls  Tociferas.    Cass.    Killdeer  Plover.f    Bflnneapolis,  Joly  22d, 

1876.    (67.) 

8ooLOPAon>iB. 

79.  Totanns  soUtarins.    Wilson,    Solitary  Tattler.*     Minneapolis,  Ang. 

17th,  1876.    (66.) 

80.  Totanns  solltarlns.   Wils.   Solitary  Tattler.*  Minneapolis,  Ang.  12th, 

1876.    (56.) 
^1.    Totanns  solltarlns.    Wils.    Solitary  Tattler.    Minneapolis,  Ang.  90th, 

1876.    (74.) 
^2.    Tringoides   macnlarins.     Gray.     Spotted   Sandpiper.     Minneapolis, 

Ang.  4th,  1876.    (58.) 
88.    Tringoides  macnlarins.   Gray.   Spotted  Sandpiper.*   Minneapolis,  Jnly 

14th,  1876.    (54.) 
84.    Actltnms  bartramlns.    Bon.    Upland  Plover.    Minneapolis,  Ang.  6th, 

1875.    (58.) 
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85.  Botaunu  mugltans.    Cones.    Bittern.    Minneapolis,  1875.    (49.) 

Raludjb. 

86.  PoTzana  Carolina.    V.    Carolina  Bail.f    Minneapolis,  Ang.  20tb,  1876. 

(70.) 

La^idjd. 

87.  Sterna  caspia.    PaU.    Caspian  Tern.    Long  Lake,  Nov.,  1876.    (87.) 

Bare, 

Collected  andpreunted  by  Will.  Secombe, 

88.  Hydrochelidon  lariformis.    Cones.     Black  Tern.    Minneapolis,  Jnly 

19tb,1876.    (60.) 

89.  Hydrochelidon  lariformis.    Cones.    Black  Tern,  young.    Minneapolis, 

Jnly  19th,  1876.    (61.)  ^ 

ANATID.£. 

# 

90.  Bncephala  clangnla.    Wils.    Qolden-Eye.   Garrot.    Minneapolis,  Jan. 

17th,  1877. 

Just  as  this  proof  is  going  to  press,  I  have  the  pleasure  of  an- 
nouncing that  I  had  the  good  fortune  to  secure  for  the  collection 
two  specimens  of  Le  contes  Sparrow,  cctumkulus  leconteiy  thus 
adding  this  to  the  very  few  localities  of  its  occurrence.  A  more 
extended  notice  will  doubtless  be  given  hereafter. 
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XI. 
A  NEW  CYCLOPS. 


By  C.  L.  HerricL 


Cyclops  quadricomis  has  often  been  used  as  an  object  for  study 
by  those  desirous  of  becoming  familiar  with  the  process  of  develop- 
ment in  Crustacea.  For  this  it  is  eminently  fitted  both  on  account 
of  its  very  distinct  changes  and  its  abundance  in  every  pond  and 
pool. 


Fig.  1. 

There  is  another  member  of  the  same  genus  which  has  not, 
apparently,  been  described,  and  I  have  therefore  provisionally 
named  it  C.  longicomis  from  the  very  long  primary  antennae. 

The  appearance  of  an  ordinary  individual  (Fig.  1.)  is  not  very 
widely  different  from  the  ordinary  species.  But  the  first  glance 
of  the  female  with  the  spherical  sac  of  ova  under  the  abdomen, 
makes  the  creature  seem  quite  distinct. 

The  general  appearance  and  its  movements  while  swimming 
briskly  about  cause  it  to  look  like  a  magnified  cladocera,  the  long 
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spreading  antennae  increasing  the  similarity.  The  glass  at  once 
dispels  the  illusion  however. 

The  eggs  are  larger  in  proportion  than  those  of  quadricomis  and 
are  loosely  aggregated  beneath  the  abdomen.  The  cephalothorax 
is  very  large  and  carries  the  usual  complement  of  motory  appen- 
dages. The  first  antennae  are  long — exceeding  the  body.  The 
second  pair  are  specialized  enough  to  be  called  antennae,  and  the 
claws  are,  according  to  my  observation,  small  though  they  were 
indistinctly  seen. 

The  abdomen  is  in  proportion  smaller  than  in  quadricomis,  and 
the  tail  similar  to  that  of  a  young  of  that  species.  Of  internal 
structure  little  was  made  out,  but  the  red  glands  are  as  prominent 
as  in  the  other.  A  curious  case  of  malformation  of  antennae  is 
shown  in  the  figure.  The  color  is  transparent  white,  except  the 
tips  of  the  antennae  and  the  last  segments  of  the  abdomen. 

The  process  of  cephalization  is  well  illustrated  by  the  cy clops, 
though  not  as  aptly  as  in  the  larger  crustaceans,  the  Sand  Fleas. 


A  recent  observation  of  a  number  of  diatoms  dipped  from  the 
bottom  of  the  deeper  portion  of  Lake  Calhoun,  seems  to  prove  that 
one  species  is  clothed  with  cilia  throughout,  and  not  simply  at 
the  ends  as  usually  described.  While  watching  the  motions  of  a 
Navicula-like  plant  propelling  itself  slowly  along  it  was  seen  to  col- 
lide with  a  large  mass  of  vegetaible  matter,  and  while  thus  brought 
to  a  stand-still  the  infinitesimal  particles  floating  near  it  were  seen 
to  traverse  its  whole  length,  the  diatom  and  particles  beyond 
reach  of  its  influence  remaining  motionless  in  the  meantime. 
This  specimen  was  of  suflScient  length  to  preclude  the  possibility 
of  the  cilia  at  the  ends  having  any  influence  upon  the  particles. 

Other  Collections. 

Besides  the  Moose  mentioned  in  the  report  of  last  year,  the  fol- 
lowing mounted  mammals^  are  on  exhibition: 

AnHlcMpra  Americana.  Ord.  ProDghom  Antelope.  2  male  and  2  female. 
Custer  Expedition  to  the  Black  Hills.    1874. 
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CorvuM  Oanaden$i$.    Bxl.    American  Elk.    Coiter  Expedition  to  the  Black 
Hills.    1874. 

Badger.    Caster  Expedition  to  the  Blaclc  Hills.    1874. 

Ur$u$  horribUU.    Ord.    Grizsly  Bear,  IJ^male.    Caster  Expedition  to  the 
Black  Hills.    1874. 

Corvus  leneuruM,    Dong.    White-Tailed  Deer;  1  male,  8  females.    Cos. 
Ex.  Blk.  Hills.    1874. 

Bangifer  Caribou.    And.  and  Bach.    Woodland  Caribon  (anmoanted.) 
Presented  Dec*  1876,  by  Nathan.  Batler. 

MuruB  hudionius.    PaU.    Red  Squirrel.    Three  specimens. 

TamiuB  ttriatui.    Bd.    Chipmonk. 

J^I>ermophilus  trtdeeemlineatus.    Mitch.    Striped  Qopher. 

Hesperamys  miehiganeMii,    Wag.    BCichlgan  Moase. 

Frocffon  lotai.    Ston.    Common  Raccoon. 

Reptiles. 

Pana  cateabiana.    Shaw.    Ball  Frog. 

Amblyit<ma  tigrinum.    Bd.    (Immature.)    Common  Salamander. 

Eutaenia  radix.    Bd.  &  Gir.    Garter  snake. 

Skeletons  Mounted. 

PodUymbus  podiMpB.    Lawr.    Pied-billed  Grebe. 
Botaurus  mugitam.    Bart.    Bittern. 
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ERRATA, 


Page  5,  line  4  ftrom  bottom,  for  ''fosslllforoas"  read  fbssUlflsroiis. 

Page  189,  line  14,  for  **  There**  read  This. 

Page  156,  line  12  ftrom  bottom,  for  <*/  nine"  re  d  eight. 

Page  168,  line  6,  for  *'(gray  hardpan  to  **  '  the  top  of  the  bloff)."  read 
(gray  hardpan)  to  near  the  top  of  the  bloff 

Page  179,  strike  ont  '<  This  fkll  Is  forty  or  fifty  feet  high,  divided  In  the 
middle  by  a  rocky  Island  of  pyramidal  form." 

Page  230,  line  10  ftrom  bottom,  for  '*  left  branch"  read  left  bank. 

Page  280,  strike  ont «  X." 

Page  288,  strike  ont  <*  XI." 

On  the  map  of  the  vicinity  of  the  Falls  of  St.  Anthony,  nnder  '*  Explana- 
tion/' last  line,  strike  out  *<  Gray." 
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ADDRESS. 


Thb  Univbrsitt  of  MrsraBSOTA, ) 
December  31, 1877.     ) 
To  the  President  of  the  University  : 


Dbab  Sm — ^I  haye  the  honor  to  offer,  and  to  transmit  through 
yon  to  the  Board  of  Regents  of  the  State  University,  the  Annual 
Report  required  by  law  on  the  progress  of  Geological  and  Natural 
History  Survey  of  the  State,  being  the  sixth  since  the  beginning 
of  the  survey. 

Very  respectfully,  your  obedient  servant, 

N.  H.  WmCHELL. 
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[l^OTE.— Of  the  foregoing,  Nos.  1, 2, 4  and  6  are  wanted  by  the  Survey.] 
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REPOUT 


SUMMARY    STATEMENT. 


The  Regents  having  authorized  a  joint  examination  with  the 
State  Board  of  Health  of  the  water  supply  for  domestic  uses  in  the 
Red  River  valley,  the  first  work  undertaken  in  the  season  of  1877 
was  an  attempt  to  ascertain  the  cause  or  causes  of  the  unwholesome 
water  often  found  in  common  wells  throughout  the  valley  of  that 
river.  About  four  weeks  were  spent  in  that  part  of  the  State,  the 
observations  extending  from  Breckenridge,  the  present  terminus  of 
the  St.  Paul  &  Pacific  Railroad,  to  Winnipeg  in  Manitoba.  The 
details  and  the  results  of  this  examination  will  be  found  in  the  fol- 
lowing pages.  It  is  sufficient  here  to  say  that  the  chief  cause  of  the 
'^stagnant,"  or  foul  water  so  common  in  wells  of  that  part  of  the 
state  was  found  to  be  the  almost  universal  practice  of  curbing  wells 
with  pine  wood  ;  and  that  there  is  nothing  in  the  water  itself  which 
is  unwholesome  or  injurious.  It  is  true  that  wells  from  the  drift- 
clay  are  apt  to  be  more  or  less  alkaline,  unless  from  extensive 
gravel  or  sand  beds  within  the  clay,  but  there  is  no  reason,  except 
artificial  or  unnatural  causes,  why  the  water  of  that  part  of  the 
State  should  become  foul  or  "stagnant"  in  common  wells,  any  soon- 
er or  more  frequently  than  in  any  other  equally  clayey  portion  of 
the  northwest.  It  was  found,  indeed,  later  in  the  season,  that  this 
difficulty  is  by  no  means  confined  to  the  valley  of  the  Red  River  of 
the  North.  It  is  encountered  with  equal  frequency  throughout  the 
entire  western  half  of  the  State,  from  the  Iowa  line  northward  to 
Manitoba,  and  must  be  referred  to  some  cause  that  is  not  local  in  its 
application.    In  the  absence  of  stone  for  walling  their  wells,  the 
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early  gettlers  of  the  prairies,  who  have  been  generally  men  of  little 
pecuniary  means,  have  resorted  to  the  use  of  pine  plank  for  curbing 
them,  on  account  of  its  availability  and  cheapness,  and  to  this  prac- 
tice may  be  attributed  by  far  the  greater  portion  of  the  difficulty, 
resulting  in  many  cases  of  sickness  (usually  typhoid  fever)  and 
many  deaths.  This  fact  cannot  be  too  widely  published,  nor  its 
pemiciotis  effects  on  the  general  health  and  prosperity  of  the  newly 
settled  counties  too  strongly  impressed  on  the  people. 

Reconnoissances  into  different  parts  of  the  state  have  been 
made  during  the  season,  having  different  objects  in  view,  viz.:  one 
into  Wright  county  for  the  examination  of  localities  of  reputed 
"coal"  outcrop  ;  one  into  Rice  county  preparatory  to  the  survey  of 
the  county  by  Prof.  L.  B.  Sperry;  one  into  Goodhue  county  pre- 
paratory to  the  full  examination  of  that  county  during  the  coming 
season ;  one  over  the  line  of  the  Northern  Pacific  railroad  supple- 
mentary to  the  water-examinations  of  the  Red  River  valley  earlier 
in  the  season,  and  for  geological  observations,  and  one  into  Morrison 
county  for  the  purpose  of  preliminary  geological  observations.  The 
results  of  these  reconnoissances  are  given  in  the  following  report, 
so  far  as  they  can  be  made  useful  at  the  present  stage  of  the  survey. 

In  the  survey  of  Hennepin  county  it  was  found  necessary  to  em- 
brace some  parts  of  Ramsey,  and  during  the  past  season  the  survey 
of  that  county  was  completed,  and  is  herewith  reported,  with  the 
usual  maps  and  diagrams. 

Rock  and  Pipestone  counties,  the  most  southwesterly  in  the 
State,  have  also  been  examined,  and  are  reported  in  the  same 
manner. 

Rice  county  has  also  been  surveyed  in  detail  by  Prof.  L.  B.  Sper- 
ry of  Northfield  College,  and  his  report  on  the  same  is  herewith 
transmitted. 

Further  examination  of  the  fossils  of  the  Trenton  was  carried  on 
during  the  intervals  of  interruption  of  the  field-work,  and  some 
further  notes  on  the  same  are  given  in  the  following  pages.  It 
cannot  be  expected,  however,  that  while  the  field-work  is  steadily 
carried  on  the  detailed  laboratory  work  of  palaeontology  and  litho- 
logy  will  progress  with  equal  pace  without  the  employment  of  ex- 
tra assistance.  Still  such  progress  as  is  possible  will  be  reported 
from  time  to  time. 

There  is,  accompanying  this,  a  detailed  report  on  the  General 
Museum  for  the  year  1877,  showing  the  addition  of  minerals,  and 
specimens  of  foreign  rocks,  as  well  as  the  naming  of  fossils  in  the 
cases  of  the  Museum.  There  is  work  enough  now  on  hand,  in  the 
Museum,  to  require  the  steady  work  of  a  man  a  whole  year,  with 
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nothing  else  to  do.  It  cannot  be  impressed  to  strongly  on  the  Re- 
gents that  there  is  a  necessity  of  employing  more  assistance,  or  of 
the  curtailment  of  some  of  the  labor  now  devolving  on  a  single 
man.  It  is  certainly  very  necessary  that  the  Museum  be  placed  in 
its  best  condition.  This  implies  the  working  up  of  many  boxes  of 
material,  both  in  mineralogy  and  lithology,  and  in  palaeontology. 
This  is  nearly  all  within  the  purview  of  the  geological  survey  of  the 
State,  the  material  being  almost  all  the  product  of  the  field  exami- 
nations, and  would  redound  to  its  substantial  progress  perhaps  to  a 
greater  extent  than  the  continued  and  constant  prosecution  of  the 
field-work. 

The  report  of  Prof.  Peckham  on  the  chemical  analyses  of  various 
substances  submitted  in  the  progress  of  the  field-work  is  also  in- 
cluded in  the  following  pages;  also,  that  of  Dr.  P.  L.  Hatch  on  the 
investigations  he  has  prosecuted  during  the  year  on  the  ornithology 
of  the  State. 

The  year  has  been  signalized  by  the  disappearance  from  the  State, 
and  fix)m  the  entire  Northwest,  of  the  Rocky  Mountain  Locust. 
The  interesting  and  important  report  of  Mr.  Whitman  on  the 
phenomena  and  causes  of  such  disappearance,  and  on  other  insects 
injurious  to  &rm  pro4ucts  still  existing  within  the  borders  of  Min- 
nesota, is  also  transmitted  herewith. 

In  Botany,  while  there  has  been  a  steady  increase  of  specimens, 
gathered  by  Mr.  Herrick,  or  presented  by  other  collectors,  there 
has  been  no  attempt  at  classification  or  thorough  examination.  The 
progress  of  the  work  in  this  field  will  be  mainly  in  the  gathering 
of  material,  for  several  years;  but  finally  the  aid  of  expert  botanists 
will  have  to  be  obtained  in  the  preparation  of  a  final  report. 

The  officers  of  the  Northern  Pacific  and  of  the  St.  Paul  &  Duluth 
Railroads  very  courteously  famished  the  State  Geologist  with 
passes  over  their  roads  while  engaged  in  the  northern  part  of  the 
State,  and  those  of  the  St.  Paul  &  Pacific  and  of  the  Red  River 
Transportation  Company  extended  the  same  favors  during  the  pro- 
gress of  the  survey  of  the  Red  River  water  supply. 

A  considerable  portion  of  the  season  has  been  spent  in  the  north- 
em  half  of  the  State.  What  has  been  done  there  has  been  of  the 
nature  of  hasty  reconnoisances.  Nothing  else  is  possible.  The 
means  now  available  for  the  survey  will  not  warrant  the  commence- 
ment of  detailed  surveys  in  a  region  mainly  without  roads  and  but 
sparsely  inhabited,  however  great  the  need  of  geological  examina- 
tion. It  is  mainly  for  this  reason  that  the  survey  has  been  carried 
on  during  the  past  six  years  in  the  southern  portion,  where,  at 
much  less  expense,  the  utility  of  the  survey  could  be  demonstrated 
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and  its  progress  be  more  evident;  as  it  is  well  known  that  geological 
surveys  have,  in  various  states,  come  to  unfortunate  interruption, 
and  sometimes  final  termination,  for  causes  immediately  political  or 
economical.  The  time  has  come,  however,  when  it  will  not  be  pru- 
dent nor  just  to  further  ignore  the  northern  half  of  the  State. 
An  unusual  impetus  in  immigration,  and  in  prospective  mining, 
has  stirred  the  people  in  that  part  of  the  State,  during  the  past 
year,  to  make  serious  demands  for  the  services  of  the  Geologic^ 
Survey  in  exploring  and  developing  their  material  resources.  The 
enterprise  of  the  government  of  the  Dominion  of  Canada  on  our 
northern  frontier,  in  the  building  of  railroads  and  canals,  will  not 
fail  to  react  powerfully  on  the  State  of  Minnesota  north  of  Lake 
Superior.  The  Canadian  geologists  have  already  visited  and  re- 
ported a  number  of  times  on  the  contiguous  portions  of  the  British 
Possessions.  It  seems  to  be  very  necessary  to  subject  that  part  of 
the  State  to  a  thorough  geological  survey;  but  it  will  require  ex- 
pensive outfits  for  two  or  three  exploring  parties,  and  it  would  be 
several  years  before  the  survey  could  progress  sufficiently  to  warrant 
a  final  report.  Meantime,  during  the  progress  of  the  work  in  the 
northern  part  of  the  State,  investigations  should  not  be  suspended 
in  the  southern  portion.  In  order  to  carry  on  the  survey  now  ba 
it  seems  to  be  necessary,  an  additional  sum  of  six  or  eight  thousand 
dollars  per  annum,  for  about  four  years,  should  be  available.  It 
would  then  be  possible,  probably,  to  issue  a  couple  of  volumes  of  a 
final  report,  one  on  the  southern  palaBOzoic  formations,  and  one  on 
the  metamorphic  and  azoic  rocks  of  the  northern  portion  of  the 
State. 
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II. 


THE   WATER    SUPPLY    OF    THE    RED    RIVER 

VALLEY. 


The  State  law  by  which  the  survey  is  being  carried  on  requires  a 
complete  account  of  the  mineral  and  other  waters  of  the  State,  includ- 
ing accurate  chemical  analyses.  It  was  at  the  instance  of  the  Secre- 
tary of  the  State  Board  of  Health  that  the  immediate  examination  of 
this  region  was  undertaken;  the  sanitary  questions  involved  being 
regarded  of  great  importance.  With  a  view  to  the  co-operation  of 
the  Regents  and  the  State  Board  of  Health  in  this  examination,  a 
joint  party  was  organized,  con  aiding  of  the  State  Geologist,  with 
Prof.  S.  F.  Peckham  on  the  part  of  the  Regents,  and  Dr.  C.  N. 
Hewitt,  Secretary  of  tl\e  Board  of  Health.  The  plan  of  procedure 
consisted  in  a  descent  of  the  valley  from  Breckenridge,  on  the  St. 
Paul  &  Pacific  Railroad,  to  Winnipeg,  in  Manitoba,  stopping  at 
the  principally  settled  points  for  information  concerning  the  objects 
of  the  survey,  examining  all  accessible  wells  and  procuring  samples 
of  water,  and  carefully  noting  the  nature  of  the  river  bluflGs.  Sub- 
sequently, and  during  the  further  prosecution  of  the  field-work 
over  the  western  portion  of  the  State  during  the  season,  more  ex- 
tended observations  on  the  same  subject  were  made  by  the  State 
Geologist  outside  of  the  Red  River  valley,  and  the  valley  itself  was 
again  visited  for  further  facts  of  comparison  and  verification.  The 
conclusions  arrived  at  in  this  report  are  based  on  all  the  facts  ob- 
served; and  as  they  vary  somewhat  from  opinions  advanced  by 
other  members  of  the  party,  it  is  but  just  to  relieve  them  from  all 
responsibility  for  them.  Soon  after  the  return  of  the  party  a  sum- 
mary of  these  conclusions  was  prepared  at  the  instance  of  Gov.  J. 
S.  Pillsbury,  and  it  was  published  in  the  Pioneer  Press  for  Septem- 
ber 18, 1877. 
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It  is  also  necessary  to  state  that  the  samples  of  water  selected  for 
analysis  were  not  such  as  would  test  the  correctness  of  these  con- 
clusions, nor  that  of  any  theory  that  has  yet  been  advanced  for  the 
cause  of  the  foul  waters  of  the  Red  River  valley.  In  order  to  de- 
termine something  by  chemical  analyses  of  the  waters,  the  writer 
selected  and  urged  the  full  analysis  of  four  samples  only,  with 
qualitative  tests  for  other  samples  to  show  their  relations  to  either 
of  these,  viz.: 

1.  Some  simply  alkaline  water  from  a  deep  well. 

2.  Alkaline  water  firom  some  deep  well  contaminated  by  organic  decay. 
8.  Water  from  some  shallow  well  uncontaminated  by  organic  decay. 
4.  Water  firom  a  shallow  well  foul  firom  organic  decay. 

The  analysis  of  water  from  the  following  wells,  t5onforming  to  the 
conditions  required  by  the  above  varieties  of  water,  was  recom- 
mended for  the  purpose  of  arriving  at  some  satisfactory  result. 
It  is  to  be  hoped  that  the  survey  may  be  able  at  some  future 
time  to  institute  further  examination,  and  chemical  analysis, 
should  the  explanation  here  given  not  prove  sufficient. 

1.  Water  from  the  Brewery  at  Moorhead. 

2.  Town  well  at  Breckenridge. 

3.  McHench's  cistem  well  at  Fargo. 

4.  Well  at  Mr.  Sloggy^s  house  (not  the  Bramble  House.) 

The  Facts  Knoum  Before  the  Survey. 

The  flat  prairie  country  generally,  throughout  the  western  por- 
tion of  the  State,  has  been  much  troubled  by  bad  well  water.  This 
has  been  reported  to  the  survey  from  Lyon,  Renville,  Redwood  and 
Murray  counties,  in  the  southwestern  portion  of  the  State,  and  had 
by  the  parties  troubled  by  bad  water  been  attributed  to  a  so-called 
"peculiar  clay,"  a  "blue  clay,"  a  " black  clay,"  or  to  some  other 
deposit  in  the  drift  which  had  been  met  with  in  the  wells.  Simi- 
lar reports  had  come  from  the  country  further  north,  and  latterly 
from  the  Red  River  -valley  specially.  The  settlement  of  the  Red 
River  valley  has  been  rapidly  going  on  during  the  past  two  years, 
and  these  difficulties  were  more  numerously  and  urgently  presented 
from  that  quarter  of  the  State.  As  these  waters  had  a  very  delete- 
rious effect  on  the  health  of  the  people,  and  threatened  to  retard 
the  development  of  that  portion  of  the  State,  the  State  Board  of 
Health  very  wisely  initiated  the  sjrstematic  examination  of  the 
whole  question  which  is  now  being  made,  but  directed  itself  specifi- 
cally to  the  valley  of  the  Red  River  of  the  North.    The  waters 
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from  the  wells  dug,  whether  deep  or  shallow,  have  been  found  to 
become  foul,  or  "stagnant,"  sooner  or  later,  and  if  their  use  has 
continued  much  beyond  the  discovery  of  this  condition  they  have 
produced  diarrhoea  of  a  persistent  nature,  and  finally  typhoid  fever. 
Some  cases  have  terminated  fatally.  These  facts  were  of  occurrence 
on  the  line  of  the  St.  Paul  &  Pacific  Railroad,  at  nearly  all  the 
stations  west  of  the  line  of  the  Big  Woods,  even  outside  the  valley 
of  the  Red  River;  on  the  Northern  Pacific  Railroad  west  of  Detroit; 
along  the  same  railroad  in  Dakota,  and  down  the  valley  to  Winni- 
peg. These  effects  were  known  also  south  of  the  Minnesota  river, 
but  they  have  not  been  attributed  so  directly,  so  far  as  the  writer  is 
aware,  to  the  water  used  for  domestic  purposes.  Yet  typhoid  fever 
and  intestinal  diseases  have  had,  during  the  past  ten  or  fifteen 
years,  an  area  of  greatest  prevalence  in  western  Minnesota  and 
Iowa,  according  to  the  ninth  United  States  census.  The  ascertained 
relation  of  cause  and  effect  between  bad  well  water  and  these  dis- 
eases in  one  section  of  the  State,  together  with  the  known  existence 
of  the  same  effect  in  another  section  under  like  conditions  of  soil, 
climate  and  surroundings,  reasonably  leads  to  the  inquiry  whether 
the  same  cause  has  not  prevailed  there  also,  though  it  may  not  have 
been  so  distinctly  recognized.  Ajiother  fact  that  had  been  stated 
and  well  authenticated  before  the  beginning  of  the  survey,  was  the 
good  quality  of  the  water  when  the  wells  were  first  dug.  It  has 
also  been  stated  that  during  the  construction  of  the  railroads  that 
cross  that  portion  of  the  State,  a  number  of  shallow  wells  were 
dug  in  the  surface  of  the  prairie,  without  reaching  much  water, 
and  that  they  often  became  foul  in  a  few  days,  though  wholly  un- 
curbed. 

The  Wells  that  tvere  Visited  and  Examined. 

The  following  facts  were  gathered  by  the  writer: 

Morris. — At  Morris,  in  Stevens  county,  which  is  on  the  Pomme  de 
Terre  river,  a  tributary  of  the  Minnesota,  and  not  within  the  valley 
of  Red  River,  the  wells  are  usually  bad,  and  the  people  generally  use 
the  water  of  the  Pomme  de  Terre.  Wells  have  to  be  dug  rather 
deep,  and  through  a  blue  hard-pan.  The  railroad  company  are  now 
boring  a  well  having  a  diameter  of  sixteen  inches.  They  turn  a 
sort  of  auger  by  a  single  horse-power,  and  take  out  the  clay  as  an 
auger  takes  out  wood,  but  it  has  to  be  lifted  out  frequently.  The 
material  thrown  out,  now  at  the  depth  of  56  feet,  is  a  blue  clay 
with  few  stones,  but  some  small  gravel.  No  water  has  been  met 
with  yet. 
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According  to  Mr.  Leonard  B.  Hodges  a  well  of  good  water  was 
obtained  at  Morris  later  in  the  season  of  187T.  It  is  owned  by 
Judge  L.  E.  Pierce.  It  is  surrounded  by  foul  wells,  several  of 
about  the  same  depth,  and  others  of  not  half  that  depth.  It  is  in 
every  respect  like  many  other  wells  at  Morris,  except  in  not  having 
wood  curbing.  It  was  "driven,"  i.  e.,  after  digging  some  depth  an 
iron  pipe  with  protected  sieving  was  driven  into  the  clay  till  water 
was  found  which  rose  in  the  pipe.  This  well  was  good  and  has 
remained  so. 

St    Gabrielle]  Springs.     NEi  Sec.    17,    T.  130,   45.— Three 
miles  from  Campbell  station,  a  little  south  of  east.    Here  are 
St.  Gabrielle  Springs,  said  to  furnish  "good  water;"  but  although 
there  is  a  scummy  deposit  of  iron  running  from  them  the  water 
tastes  alkaline,  and  is  very  much  like  the  water  of  the  deep  well  at 
the  station.    There  is  a  boggy  area  of  about  two  and  a  half  acres, 
lying  a  few  feet  above  the  water  of  the  stream  (Rabbit  river)  from 
which  the  water  of  the  springs  runs  into  the  creek.   This  area  is  in 
a  bend  of  the  stream,  and  lies  about  six  feet  below  the  general  level 
of  the  prairie.    The  stream  is  about  twelve  feet  below  the  prairie, 
and  empties  in  Bois  des  Sioux  river.    It  is  a  small  stream  and  has 
clear  water,  but  an  imperceptible  current.    In  some  of  the  springs 
which  are  scattered  over  the  boggy  area  mentioned,  there  is  a  light- 
colored  sand  seen  boiling  up  with   the  water,  and  in  the  sand  are 
also  some  weathered  small  shells.    The  bog  itself  is  peaty,  and  shows 
some  small  fresh-water  shells.      The  banks  of  the  stream  show 
nothing  but  the  usual  gray  drift-clay,  containing  boulders  of  gran- 
ite and  many  pieces  of  limestone.      The  water  of  the  creek  tastes 
swampy  and  flat.     The  stones  and  the  gravel  of  the  drift,  along  the 
low  bluffs  of  the  creek,  are  mainly  of  limerock — perhaps  three- 
fourths  of  them,  the  rest  being  granite,  &c. 

Over  the  surface  of  the  prairie  about,  which  is  nearly  flat,  are  oc- 
casional fragments  of  limestone,  which  are  usually  somewhat  im- 
bedded in  the  surface,  showing  the  glacier  origin  of  even  tjie  latest 
part  of  this  flat.  There  is  no  loam  here,  nor  stratified  fine  clay. 
There  is  only  a  gravelly  or  stony  clay  that  is  blackened  at  the  sur- 
face. On  making  a  few  qualitative  tests  on  the  spot  on  the  water 
of  this  spring,  for  comparison  with  that  of  the  water  at  Campbell 
Station  coming  from  the  deep  well  there  (next  mentioned),  it  was 
found  to  agree,  even  by  actual  comparison  in  hand,  almost  exactly 
with  the  water  of  that  well.  They  both  possess  abundant  sulph- 
ates, carbonates  strong,  and  plenty  of  chlorides.  The  only  percep- 
tible difference  in  mineral  constituents  was  a  little  greater  quantity 
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of  iron  in  the  well  water.    On  making  quantitative  examinations 
Prof.  Peekham  reports  these  waters  to  contain  impurities  as  follows: 
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of  mineral  constituents. 

As  the  water  at  the  station  is  foul  and  unfit  for  use,  while  that 
from  these  springs  is  pronounced  good,  and  even  has  a  reputed  ex- 
cellence, both  waters  coming  through  the  same  natund  drift  deposit, 
subject  to  the  same  natural  causes  so  far  as  their  source  is  concern- 
ed, while  the  spring  water  itself  is  free  from  noxious  odors,  it  is 
evident  the  difference  of  the  waters  cannot  be  indicated  by  chemical 
analyses  of  the  mineral  constituents.  It  is  also  evident  that  the 
difference,  whatever  its  nature  or  origin,  must  be  superinduced  by 
some  artificial^  and  not  natural,  cause  ;  in  other  words,  that 
there  is  something  inherent  in  the  well,  or  its  artificial  surround- 
ings, that  superinduces  the  noxious  odors.  The  trouble,  farther, 
cannot  lie  in  the  clay  of  the  drift,  since  the  spring  water  is  con- 
stantly in  contact  with  the  clay,  and  the  well  water  is  brought  up 
through  an  iron  pipe  which  is  said  to  run  to  the  bottom. 

Campbell  Station, — The  well  at  Campbell  Station  was  sunk  sev- 
eral years  ago  by  C.  E.  Whelpley,  of  Minneapolis.  The  following 
section  of  this  well  was  famished  by  him  July  19^  1875  : 

1.  Hard  yellow  day  with  strong  bitter  water 18  feet. 

2.  Blue  clay 63  feet. 

3.  Boulders,  or  rock  of  some  sort 4  feet. 

4.  Blue  clay 39  feet. 

5.  Blue  day,  boulder,  gravd  and  flint 11  feet. 

6.  Sand,  gravel  and  day,  with  some  coal 21  feet. 

7.  Sand,  gravel,  blue  clay,  slate,  some  coal 4  feet. 

8.  Hard  blue  clay 15  feet. 

9.  Clean  sand  with  water,  mixed  with  coal  (10  per  cent.) 8  feet. 

[Note — This  coal  on  examination  was  found  to  be  drift  pieces 

of  Cretaceous  lignite — N.  H.  W.] 

10.  Stony  blue  clay,  but  softer  below,  with  more  water  at  the 

bottom 87  feet. 


Total  depth 260  feet . 
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The  lower  portion  of  the  pipe  becoming  filled  with  mud  it 
found  necessary  to  puncture  the  pipe  at  higher  leyels  and  admit  wa- 
ter above  the  clay  filling.  This  was  done  at  176  feet.  The  water 
rose  within  four  feet  of  the  surface. 

At  the  depth  of  173  feet  found  wood  which  was  covered  with  a 
yellow  substance  like  gold  (probable  pjrrite — N.  H.  W.)  and  was 
heavier  than  water.  Water  was  obtained  at  125  feet,  and  again  at 
150  feet,  also  at  165  feet. 

The  water  pumped  out  of  this  well  in  June,  187T,  was  turbid 
with  sediment  and  visible  floating  particles,  and  had  foul  odors.  It 
could  not  obtain  these  foul  odors  from  the  bottom  of  the  well,  nor 
furnish  these  floating  particles  from  that  depth,  since  they  were 
evidently  both  of  organic  nature.  The  upper  ten  or  fifteen  feet  of 
this  well  were  dug  larger  than  the  rest  and  curbed  up  with  pine 
boards  after  the  manner  of  most  wells  on  the  prairie.*  This  was 
partially  filled  with  water  and  served  as  a  reservoir.  This  water 
must  certainly  find  access  within  the  iron  pipe,  either  through  inten- 
tional rupturing  of  the  pipe,  or  loose  fitting  of  the  pipe  upon  the 
lower  joint  of  the  pump.  It  otherwise  passes  along  the  outside  of 
the  pipe,  between  the  pipe  and  the  surrounding  clay,  to  the  bottom 
of  the  well,  and  is  drawn  into  the  pipe  at  the  bottom.  This  last 
supposition  is  hardly  possible,  as  the  closeness  of  the  clay  about  the 
pipe  is  probably  as  perfect  as  about  any  stone  or  boulder,  and  must 
be  aa  impervious.  Further  the  surface  water  would  not  thus  nat- 
urally flow  downward,  being  warmer  and  lighter,  as  well  as  being 
under  less  hydrostatic  pressure,  as  long  as  there  remained  a  supply 
for  the  pump  within  the  pipe. 

About  a  mile  northwest  of  Herman  the  railroad  passes  down  a 
terrace  to  a  lower  flat,  the  change  of  level  being  about  fifteen  feet. 
Hence  the  well  at  Campbell  Station,  wholly  dug  in  the  glacier 
drift,  without  any  overlying  stratified  clays,  cannot  be  affected  by 
any  lacustrine  clay  that  seems  to  have  been  deposited  over  large 
areas  in  other  parts  of  the  Red  River  valley.  The  glacier  drift  it- 
self, over  wide  tracts  in  this  valley,  lies  at  the  veiy  surface. 

At  Breckinridge. — ^At  this  place,  which  is  near  the  junnc- 
tion  of  the  Otter  Tail  and  Bois  des  Sioux  rivers,  the  grade 
of  the  railroad  is  just  twenty  feet  lower  than  at  Campbell 
Station,  and  a  hundred  and  six  feet  lower  than  at  Herman 
Station.      The   distance   from  Breckenridge   to    Campbell    Sta- 

*On  Inquiry  of  Mr.  Whelpley  concerning  this  well  he  affirms  that  no  wooden  curbing 
was  used  in  the  shallow  preliminary  digging,  the  only  design  being  to  get  room  to  enter 
his  pipes,  and  that  the  dug  part  was  almost  entirely  refilled,  leaying  but  a  shallow 
basin  round  the  pipe  at  the  surface. 
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tion  is  fifteen  miles,  and  from  Breckenridge  to  Herman  is 
thirty-nine  miles  ;  the  country  in  all  directions  being  a  smooth 
prairie  for  many  miles,  with  no  visible  changes  except  at 
the  terrace  mentioned,  near  Herman.  Yet  at  Breckenridge,  along 
the  river  banks,  are  broken  areas  of  true  lacustrine  clay.  This  runs 
back  from  the  river  and  covers  a  small  indefinite  area.  It  seems  to 
have  been  deposited  on  a  slightly  uneven  upper  suface  of  glacier 
clay,  or  unmodified  drift,  so  that  it  here  only  occupies  the  depres- 
sions in  the  glacier  clay. 

The  town  has  five  wells,  but  only  one  is  used.  It  is  the  hotel 
well,  owned  by  Mr,  Sanders,  who  described  it  as  follows.  It  is 
curbed  with  boards. 

Sander^  Well  (U  Breckenridge. 

1.  Mucky,  black  son,  no  stones 2J^feet. 

2.  Fine  day,  without  stones;  the  same  ajs  seen  in  the  river  * 

banks IGfeet. 

3.  Gravel — small  pieces  of  limestone,  and  granite  boulders, 

with  some  layers  of  dean  sand. 10-12  fiBet. 

4.  Under  the  last,  which  furnished  water,  was  an  unknown 

thickness  of  a  black  or  blue-black  clay,  that  had  a  dif- 
ferent odor.  This  contained  stones  and  boulders,  one 
of  which  stopped  the  further  sinking  of  the  well, 
which,  however,  did  not  penetrate  it  to  any  considera- 
ble depth. 

The  water  of  this  well,  analyzed  by  Prof.  Peckham,  shows  the 
following  composition,  as  reported  by  the  Secretary  of  the  State 
Board  of  Health: 

Grains  per  Gallon. 

Total  solid  matter  in  soluidon 86.024 

Total  organic  matter  in  sduticm 12.286 

Total  mineral  matter  in  solution • 78.756 

Total  hardness 19.843  CaCOt 

Pennanent  hardness 8.756 

Removable  hardness 11.387 

Sulphuric  acid  in  soluticm 1 .868 

Chlorine 17.395 

These  results  show  a  general  resemblance  to  those  of  the  well  at 
Campbell  Station,  and  the  water  of  St.  Oabrielle  Springs,  contain- 
ing nearly  the  same  per  cent,  of  the  various  mineral  peculiarities! 

The  town  well  was  mainly  a  bored  well,  but  is  curbed  with  pine 
boards.  The  water  here  varies.  Sometimes  it  has  been  pretty 
good,  especially  at  the  first,  but  at  the  time  of  this  examination  it 
was  strongly  charged  with  sulphuretted  hydrogen.    It  is  in  the 


Digitized  by 


Google 


16  ANNUAL  REPORT. 

street,  and  near  no  sewers.    The  ground  was  raised  about  the  mouth 
of  the  well  to  prevent  in-drainage  from  the  surface. 

Town  Well  at  Breckenridge. 

1.  Soil  and  clay 4  feet. 

2.  **  Black  clay,"  &c.,  with  grayel  stones,  no  water 30  feet. 

3.  Gravel  and  sand,  with  water  in  abundance,  tiiat  rose  16  feet 

in  a  few  minutes Thickness  unknown. 

On  analysis  this  was  found  to  be  a  very  hard  mineral  water,  con- 
taining large  percentages  of  sulphates  of  lime  and  magnesia,  but 
"  on  evaporation  had  the  appearance  and  odor  of  urine  residue." 
This  water  may  be  taken  as  a  type  of  the  waters  derivable  from 
deep  wells  that  penetrate  the  glacer  drift-clay,  when  not  materially 
changed  by  contact  with  organic  acids. 

The  well  ot  Peter  Hanson  was  dug  entirely,  3i  feet  square,  and 
curbed  with  pine  boards.  The  material  thrown  out  is  unmodified 
drift-clay,  of  a  dark-blue  color,  containing  stones  and  boulders, 
some  ten  and  fourteen  inches  in  diameter,  which  show  smoothly 
polished  and  also  striated  surfaces.  The  clay  itself  is  nearly  black 
when  wet,  and  is  charged  with  little  stones.  This  well  did  not  pass 
through  the  drift  clay,  and  now  affords  only  "seep  water,"  wldch, 
after  a  month  or  two,  will  about  half  fill  the  well.  It  then  has  a 
foul  odor  which  is  attributed  to  the  "black  stuflF,"  as  the  drift-clay 
is  designated. 

Peter  Hanson's  Well  at  Breekenridge, 

1.  Clay,  as  in  the  river  banks;  fine  and  horizontally  stratified.  .4-5  feet. 

2.  Drift  clay,  dark  colored,  hard  and  strong,  no  water,  penetra- 

ted  50  feet. 

The  well  of  Chas.  B.  Falley,  Esq.,  is  altogether  in  the  lacustrine 
clay.  It  afforded  pretty  good  water  at  first,  but  in  a  few  days  it 
became  offensive. 

C  jB.  Falley^ s  Well  at  Breckenridge. 

1.  Black  loam  soil 4  or  5  feet. 

2.  Light  colored  day,  with  some  sand,  without  stones,  crumb- 

ling in  the  air 24  feet. 

'  3.  Sand  with  water  (17  feet  of  water) Thickness  unknown. 

From  Breckenridge  the  river  was  followed  in  a  small  row-boat  to 
McCauleyville,  opposite  Fort  Abercrombie,  for  the  purpose  of  care- 
fully examining  the  banks. 
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Section  21^  Town  133,  Range  47^  Wilkin  County.  —  Mr. 
Edward  Connelly  has  here  a  well  twenty-fivB  feet  deep,  in 
which  the  water  rises  and  falls  as  the  river  changes,  indicating  an 
intimate  connection.  The  well  is  near  the  brink  of  the  bank, 
which  rises  about  twenty-two  feet  above  the  river.  The  bank  is 
made  up  of  about  eleven  feet  of  gravelly  and  stony  drift  clay,  with- 
out any  overlying  lacustrine  clay,  underlain  by  a  heavy  bed  of 
gravel  and  sand  exposed  along  the  bank  a  short  distance  above  his 
house.  Mr.  Connelly  also  described  his  well  as  penetrating  these 
materials  only.  In  this  gravel  are  pieces  of  Cretaceous  lignite  and 
slate.  The  presence  of  this  gravel  bed,  and  the  rising  and  falling 
of  the  water  of  the  well  coincident  with  that  of  the  river,  proves  a 
close  relation  between  the  two,  but  not  a  flow  necessarily  from  the 
river  to  the  well.  There  is  not  much  doubt  that  the  gravel  bed  is 
itself  a  vast  water-reservoir,  which  is  being  filled  by  inflow  from 
higher  levels,  and  is  slowly  drained  toward  the  river  by 
hydrostatic  pressure.  The  analysis  of  this  water  rather  goes  to 
show  this  to  be  the  direction  of  flow,  since  there  is  much  more 
mineral  matter  in  the  well  than  in  the  river  water,  a  change  that 
could  not  be  produced  by  simply  filtering  through  gravel  for  a  few 
feet. 

Descending  the  river  below  Connelly's,  the  light-colored,  lacus- 
trine clay,  mentioned  at  Breckenridge,  is  seen  to  become  more  and 
more  developed,  and  at  last  continuous,  with  a  thickness  of  25  or 
30  feet,  equal  to  the  hight  of  the  entire  banks  above  the  river,  with 
only  occasional  exposures  of  the  hard-pan  clay  near  the  river  level. 
The  hardpan  finally  disappears  about  two  and  one-half  miles  above 
McCauley  ville,  near  "  Aker's  place,"  the  last  exposure  being  near 
the  rope  ferry.  Below  this  place  the  lacustrine  clay  constitutes  the 
entire  bluff  of  the  river.  Before  reaching  this  place  the  large 
boulders,  which  appeared  frequently  in  the  river  for  some  miles  be- 
low Breckenridge,  had  entirely  disappeared.  At  the  same  time  tim- 
ber along  the  river  becomes  more  and  more  abundant,  and  also 
larger.  At  first  it  consisted  almost  entirely  of  willows  and  box- 
elders,  but  as  this  change  comes  on  large  trees  of  white  and  burr- 
oak,  ash,  elm,  bass  and  hackberry  make  their  appearance.  The 
bottom  lands  widen  out,  and  at  the  same  time  become  higher, 
reaching  15  feet  above  the  water,  while  the  lacustrine  clay  bank, 
outside  of  the  bottom  land,  rises  about  15  feet  still  higher.  This 
lacustrine  clay  covers  the  country  generally,  east  and  west,  espe- 
cially up  the  tributary  valleys;  and  it  is  plain  to  be  seen  that  it  will 


Digitized  by 


Google 


18  ANNUAL  REPOET. 

constitute  a  different  agricultural  land  from  the  alkaline  plain 
further  south,  based  on  the  drift-clay. 

There  are  here  then  these  three  formations,  all  pertaining  to  the 
drift: 

1.  Latest  of  all,  the  alluvium  of  the  present  river,  which  is 
mainly  sandy,  and  supports  the  timber.  It  is  without  stratification 
generally,  and  swallows  burrow  in  it.  Its  thickness  varies  with  the 
hight  of  the  freshet  stage  of  the  river,  becoming  greater  toward  the 
north. 

2.  The  laaistrine  clay^  which  covers  the  higher  flats,  and  con- 
stitutes the  soil  of  the  valley  over  much  of  this  region.  It  is  of  a 
light  and  loamy  color,  horizontally  stratified,  and  is  without  stones 
or  gravel.  This  is  the  sediment  of  the  lake  which  was  drained  by 
the  Minnesota  river  southward  during  the  prevalence  of  the  last 
ice-period,  or  on  its  partial  withdrawal. 

3.  The  blue  hardpan  clay — The  immediate  product  of  the  great 
glacier,  containing  gravel  stones  and  striated  boulders.  This  fills 
the  whole  valley,  running  under  the  lacustrine  clay  and  rising  so 
as  to  constitute  the  surface  of  the  country  a  few  miles  east  or  west 
of  the  river,  becoming  rolling,  and  even  hilly,  in  the  Leaf  Hills  and 
Coteau  de  Prairie,  but  lying  smooth  and  level  in  the  valley.  This 
may  have  been  originally  deposited  nearly  level  and  smooth,  as  it 
now  lies,  owing  to  the  presence  and  agency  of  much  standing 
water,  or  it  may  have  been  somewhat  smoothed  off  at  a  later  date  by 
the  lake  that  covered  it.  This  whole  region,  then,  and  especiaUy  the 
general  aspect  of  the  flats  at  Breckenridge,  are  a  fac  simile  of  the 
Maumee  river  and  the  "'Black  Swamp''  region  of  northwestern 
Ohio,  minus  the  timber  and  plus  the  alkali  of  the  drift  clay.  Its 
origin  was  the  same,  and  probably  also  its  date,  both  pertaining  to 
the  period  of  the  last  glacial  epoch.  The  theory  advanced  some 
years  ago  for  the  manner  of  deposit  of  this  glacial  drift*,  here  is 
confirmed  by  being  equally  applicable.  It  was  received  in  these 
valleys,  in  a  lake  of  water  direct  from  the  ice,  and  waa  let  down 
gently  without  much  modification,  and  stratification  as  fast  as  the 
ice  sheet  contracted ;  the  horizontally  laminated  clay,  in  both 
places  being  the  result  of  such  lateral  distribution  of  the  clayey  por- 
tions as  the  lake  could  effect,  and  of  such  later  lacustrine  deposit  as 
water  is  apt  to  form,  during  its  continuance  us  a  lake.      Further  to 

•Praceedlngs  of  the  American  Association  for  the  Advancement  of  Science,  18T2— Tfte 
Surface  Oeolooy  of  Northwestern  Ohio.  Also  the  Popular  Science  Monthly  for  June 
and  July,  1873— ITie  Drift  Deposits  of  the  Northwest, 
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the  north  it  covered  the  surface  of  the  glacier,  but  by  degrees  be- 
came embraced  further  still  north,  in  its  general  mass,  and  extend- 
ed even  to  the  bottom  of  the  ice.  It  became  superficial  near  the 
margin  of  the  glacier  by  the  thawing  and  wastage  of  the  upper 
surfiice  of  the  ice. 

McCauleyvilU — James  Nolan's  well,  32  feet  deep,  affords  a 
strongly  alkaline  water.  It  is  situated  on  an  irregularly  ascending 
slope  from  the  river  toward  the  general  level,  and  six  feet  below 
the  general  level.    It  was  bored  17  inches  in  diameter. 

Nolan's  Well  at  McCauleyville, 

1.  Soiland black  loam 2Ji  feet. 

2.  Brownish-yellow  clay,  with  no  noticeable  stratification,  nor 

gravel,  nor  stones 26     feet. 

3.  "Black  sand,"  quicksand 4     feet. 

4.  Gravel,  shells,  and  rounded  stones,  like  the  bottom  of  a 

lake,  with  water,  went  into  it 1     foot. 

t 

This  well  seems  to  have  got  water  in  a  layer  of  sand  and  gravel 
lying  between  the  lacustrine  clay  and  the  hardpan  clay,  but  on  an- 
alysis it  is  proved  to  be  heavily  charged  witn  alkaline  ingredients. 

Langevhi's  Well  at  McCauleyville. 

1.  Loam  and  soil,  and  light  clay 15  feet. 

2.  Blue,  gravelly  day,  with  boulders,  containing  one  layer  of 

sand  and  gravel  of  3  feet  thickness,  at  the  depth  of  40 
feet.  No  water  of  any  amount  was  found  in  this  well, 
and  it  was  refilled.  This  blue  clay  had  pieces  of  coal 
and  Cretaceous  slate,  and  granite  boulders.  The  sand 
layer  gave  ofiFensive  water.  At  about  100  feet  there 
was  a  layer  of  about  6  feet  of  very  fine  blue  day  which 
makes  a  good  polishing  material 122  feet. 

It  is  possible,  if  not  probable,  that  in  the  foregoing  the  lacustrine 
clay  assumed  a  blue  color  after  passing  15  feet,  and  thus  really 
extends  to  the  layer  of  sand  and  gravel  mentioned  at  the  depth  of 
about  40  feet,  and  which  is  said  to  have  given  offensive  water.  The 
absence  of  gravel  and  stones  in  the  upper  part  of  the  "blue  clay" 
was  not,  in  that  case,  carefully  noticed,  and  the  color  being  the 
same  would  very  naturally  cause  it  to  be  set  off  with  the  great 
mass  of  stony  blue  clay  lying  below  it.  This  hypothesis  is  all  the 
more  likely,  as  the  offensive  water  from  the  sandy  layer  may  then 


Digitized  by 


Google 


20  josnsnjAL  eepobt.  . 

be  due  to  the  vegetation  and  muck  that  would  have  accumulated  in 
the  bottom  of  the  lake  which  immediately  followed  the  deposition 
of  the  stony  blue  clay — a  lake  bottom  which  is  also  indicated  by 
Mr.  Nolan's  well  at  about  the  same  depth  below  the  general  level. 

In  digging  Mr.  David  McCauley's  cellar  a  large  deposit  of  bivalve 
fresh-water  shells  was  encountered.  Other  shells  were  found  in 
digging  the  cellar  of  Mr.  Longevin.  These  cellars  are  far  above 
the  river,  and  yet  not  so  high  as  the  general  level  of  the  country. 
These  shells  of  course  belong  to  the  period  of  the  lacustrine  clay, 
either  during  or  following  the  last  glacial  epoch. 

There  are  said  to  be  two  terraces  east  of  McCauleyville.  One  is 
four  miles  east,  and  consists  of  gravel,  and  one  is  thirteen  miles 
east  and  consists  of  sand.  There  is  a  depression,  or  longitudinal 
basin,  running  north  and  south,  between  these  terraces,  in  which 
water  stands  some  years  all  summer. 

At  and  below  Fort  Abercrombie  are  large  and  numerous  selenite 
crystals.  They  were  found  by  Mr.  Nolan  about  three  miles  below 
the  fort,  in  the  slope  of  the  bank  of  the  river,  and  by  the  soldiers 
near  the  fort  in  digging  a  well.  They  are  said  to  have  occurred,  in 
the  well,  above  a  heavy  deposit  of  boulders:  hence  seem  to  be  in 
the  drift,  and  not  in  the  Cretaceous. 

Moorhead — In  riding  over  the  prairie  from  McCauleyville  to  Moor- 
head,  a  distance  of  about  30  miles,  sometimes  several  miles  east  of 
the  river,  only  seventeen  granite  boulders  were  seen  on  the  surface. 
These  were  from  six  to  twelve  inches  in  diameter,  and  were  entirely 
solitary,  being  generally  half  buried  in  the  soil.  There  was  seen 
no  gravelly  clay,  nor  small  stones  in  clusters,  nor  any  alkaline 
coating,  all  indicative  of  the  drift  clay,  throughout  the  whole  ride, 
but  only  a  fine  clay  loam. 

The  well  of  C.  P.  Sloggy,  at  the  Bramble  House,  is  22  feet  deep, 
and  wholly  in  the  lacustrine  clay,  having  struck  at  that  depth  a 
quicksand  three  or  four  feet  thick,  giving  water.  This  well  was 
recently  dug  (in  May)  and  the  water  is  tolerable,  though  evidently 
alkaline,  and  having  a  taste  of  the  pine  curbing.  It  is,  however, 
less  alkaline  than  water  from  the  hardpan  clay.  It  is  said  that 
there  is  a  layer  of  sand  all  over  this  country,  including  Moorhead 
and  Fargo,  at  about  22  feet,  in  which  the  same  water  can  be  got. 

The  well  dug  by  Sharp  and  Douglas,  situated  in  the  public  park, 
is  across  the  street  south  from  the  last,  and  has  the  same  depth.  It 
now  tastes  (June  23, 1877,)  as  if  kerosene  had  been  poured  into  it.  It 
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was  dug  about  a  year  ago.  The  kerosense  taate  is  owing  to  the 
decay  and  discharge  of  the  pitch  of  the  pine  curbing,  and  will 
probably  pass  off. 

Mr.  Sloggy  has  another  well  dug  to  this  layer  of  sand  about  a 
year  ago,  about  two  blocks  further  south,  situated  in  the  street,  in 
an  unfrequented  part,  which  at  first  had  a  flow  of  good  water,  but 
finally  b^i^ame  bad  and  had  to  be  abandoned.  On  examination  this 
was  found  to  have  the  odor  of  decaying  organic  matter,  and  even 
of  animal  matter.  It  has  been  in  disuse  and  shut  for  some  months, 
the  tight  pine  curb  rising  about  20  inches  above  the  ground  and 
covered  with  a  board  nailed  over  it.  Hence  the  contamination 
cannot  come  from  dead  frogs  nor  rats,  nor  yet  from  sewage  nor 
*  from  surface  indraining.  Like  most  of  the  wells  in  the  town  the 
surface  of  the  ground  is  elevated  about  the  well,  by  throwing  back 
round  the  curb  the  clay  excavated  in  digging. 

At  John  Erickson's  Brewery  is  a  well  105  feet  deep,  dug  about 
two  months  ago  (April  or  May,  1877).  This  well  is  used  at  the  rate 
of  15  or  20  barrels  per  day.    It  is  curbed  with  pine. 

The  Brewery  Well  at  Moorhead. 

1.  Light  clay 20  feet. 

2.  Quicksand 4  feet. 

3.  Blue  clay  with  gravel  and  boulders 80  feet. 

4.  Sand,  with  copious  water 

The  water  from  the  bottom  of  this  well  was  under  such  hydro- 
static pressure  that  it'lifted  up  bodily  ''about  two  feet"  of  the  en- 
tire clay  bottom  of  the  well,  and  rose  immediately  about  80  feet  in 
the  well.  The  water  is  strongly  alkaline,  but  bright  and  clear,  and 
is  used  for  beer-making  in  preference  to  that  of  the  river.  This 
well  was  too  recently  dug,  and  is  too  copiously  used,  to  show  any 
markedly  bad  effect  from  the  pine  curbing. 

The  well  of  Lamb  Bros,  is  sixteen  feet  deep,  situated  under  the 
floor  of  a  livery  bam.  It  is  curbed  with  pine.  The  water  has  an 
alkaline  taste,  which  is  said  to  be  ''sweet,"  and  is  very  copiously 
used.  It  has  never  been  noticed  to  be  offensive,  but  will  not  do  for 
washing.  The  clay  here  was  but  six  feet  thick,  and  the  sand  is 
said  to  have  been  ten. 

Jacob  Thomas'  well  is  14  feet  deep,  curbed  with  pine,  smells  and 
tastes  of  decaying  organic  matter,  but  not  strongly  of  alkali. 
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Fargo — The  well  at  the  Fargo  House  is  25  feet  deep,  and  the  water  is 
now  good — as  good  as  any  water.  It  was  dug  one  year  ago,  and  is 
curbed  with  pine.  Probably  the  fermentation  took  place  last  sea- 
son. Indeed,  a  gentlemen  who  was  at  the  house  at  Christmas  af- 
firms it  was  not  so  good  then  as  now;  yet  the  landlady,  who  proba- 
bly would  not  notice  a  gradual  change  in  the  water,  says  it  has  al- 
ways been  as  now;  although  she  also  admits  it  did  "taste  of  the 
pine  and  was  cleaned  out.''  Another  gentleman  says  it  was  not 
used  for  a  time. 

The  well  of  J.  C.  Winslow  is  25  feet  deep,  lately  dug  and  just 
furnished  with  a  pump.  It  is  a  good  water  also,  as  good  as  any 
hard  water.  The  well  is  curbed  with  pine.  For  a  time  it  was  un- 
fit for  use. 

At  the  Sherman  House  is  a  shallow  well,  dug  four  feet  square, 
curbed  with  pine,  has  plenty  of  water  which  rises  about  ten  feet, 
and  is  absolutely  horrid  with  effete  vegetable  matter.  It  was  dug 
last  year,  but  has  been  in  disuse  for  some  time. 

The  well  at  the  livery  bam  of  A.  H.  Moore  is  a  shallow  well.  It 
is  curbed  with  oaken  barrels  and  furnishes  pretty  good  water,  but 
has  a  pine  pump  running  below  the  curbing.  The  water  gives  off 
a  little  sulphuretted  hydrogen,  but  much  less  than  the  well  at  Mr. 
Moore's  house. 

The  well  at  Mr.  Moore's  house  is  96  feet  deep,  curbed  with  pine. 
It  is  an  alkaline  water,  and  has  a  strong  odor  of  sulphuretted  hy- 
drogen. 

Mr.  McHench's  well  was  dug  for  a  cistern  and  is  about  12  feet  in 
depth.  It  is  bricked  up  and  cemented.  The  water  broke  in  at  the 
bottom  and  has  always  been  good. 

Mr.  Roberts'  well,  near  Fargo,  is  a  shallow  well,  and  smells  very 
bad,  but  was  very  good  at  first.     It  has  a  pine  curb. 

A  number  of  other  wells  were  examined  at  Moorhead  and  Fargo, 
but  the  facts  were  only  a  repetition  of  the  foregoing.  They  were 
all  shallow  wells,  curbed  with  pine,  had  good  water  at  first,  and  af- 
ter a  few  weeks  or  months  became  foul  and  had  to  be  abandoned. 

The  lacustrine  clay  is  thinner  on  the  Moorhead  side  than  on  the 
west  side  of  the  river,  and  wholly  disappears  a  few  miles  east  of 
Moorhead,  the  alkali  of  the  hardpan  clay  appearing  in  low  exsic- 
cated spots.  This  occurrs  before  reaching  the  south  branch  of 
Buffalo  river. 
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On  visiting  Moorhead  again  later  in  the  season  (September  1877) 
«ome  of  the  wells  that  were  unfit  for  use  in  June  were  found  some- 
what improved,  especially  those  that  had  been  copiously  pumped. 
The  Bramble  House  well  was  not  improved,  but  rather  had  become 
worse.  Mr.  Sloggy  referred  to  the  well  of  Mr.  Mangus  Peterson 
as  a  curious  illustration  of  the  fickleness  of  the  water  in  the  Moor- 
head wells.  This  is  situated  only  across  the  street  from  his  at  his 
house,  dug  about  the  same  depth  (26  or  27  feet)  and  is  curbed  like 
his  with  pine,  but  affords  the  "best  water  in  the  town."  This 
seemed  to  imply  that  the  fault  is  not  in  the  curbing.  On  examina- 
tion of  this  well  it  was  found,  as  stated,  to  afford  as  good  water  as 
Mr.  McHench's  in  Fargo,  and  was  dug  in  September,  1876.  It  had 
been  so  foul  that  it  was  not  used  for  several  months.  This  sum- 
mer it  was  emptied  repeatedly  and  began  to  improve.  The  neigh- 
bors also  began  to  use  it,  so  that  it  soon  acquired  a  reputation  for 
its  excellence.  In  this  case  the  copious  use  of  the  well  is  what  - 
renders  the  organic  impurities  imperceptible.  By  standing  it  will 
probably  relapse  into  as  bad  a  condition  as  before. 

Glyndon — At  Glyndon  the  wells  are  all  alkaline,  and  also  generally 
about  sixteen  or  twenty  feet  deep.  They  pass  at  once  into  the  haid- 
pan  clay.  They  are  all  curbed  with  pine.  Only  one  is  now  fit  for  use. 
It  is  that  of  the  hoase  lately  purchased  of  Major  Tenny  by  James 
MeLenan  for  use  as  a  hotel.  This  does  not  taste  of  organic  decay, 
but  is  strongly  alkaline.  The  well  at  the  present  McLenan  House 
is  very  foul,  but  the  former  is  freely  used  by  the  whole  village. 
The  w6ll  at  the  Campbell  House  is  not  used.  It  is  very  heavily 
charged  with  organic  decay  in  its  foulest  stage,  and  has  been  in 
disuse  much  of  the  time  for  four  years.  Though  cleaned  out  about 
a  year  ago,  and  used  slightly  for  a  few  months,  it  is  still  unfit  for 
use.  It  is  within  a  few  rods  of  the  above  named  well  which  is 
used  by  most  of  the  families  of  the  village,  and  has  about  the  same 
depth.  Water  from  the  well  in  general  use  was  examined  chem- 
ically by  Prof.  Peckham,  and  compared  with  a  similar  examination 
of  that  from  the  Campbell  House,  without  showing  any  important 
difference  in  the  impurities  contained  in  solution.  They  are  both 
hard  waters.  While  from  one  is  escaping  constantly  a  volume  of 
noxious  organic  odors,  including  sulphuretted  hydrogen  gas,  the 
other  is  wholly  inodorous,  and  is  freely  used  for  all  domestic  pur- 
poses. It  is  plain  that  there  is  something  in  the  surroundings  of 
the  wells  which  causes  the  difference.  They  are  both  curbed  with 
pine  and  were  dug  some  years  ago.    It  is  also  probable  that  the 
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copioos  use  of  the  one  keeps  it  substantiallj  inocuous,  while  the 
disuse  of  the  other  intensifies  the  foul  qualities.  That  in  constant 
use  is  a  large  open  well.  That  which  is  foul  maj  be  confined  and 
covered.  It  is  also  evident  that  the  bad  qualities  of  these  wells 
cannot  be  detected  by  the  ordinary  chemical  examination  of  their 
mineral  impurities.  In  other  words,  the  foul  odors  arise  firom 
organic  ingredients  which  are  volatile.  There  is  no  other  supposa- 
ble  cause  for  these  odors  adequate  to  the  explanation  of  so  preva- 
lent a  disorder,  than  to  attribute  them  to  the  decaying  pine  curbinn; 
which  is  co-extensive  with  the  disorder. 

There  are  several  other  wells  at  Glyndon,  but  they  are  all  bad 
from  the  same  cause.  They  are  sunk  in  gravelly  clay,  and  get 
water  in  graveL 

The  well  at  the  Round  House,  situated  somewhat  west  of  the 
village,  was  dug  in  1872  by  the  St.  Paul  &  Pacific  Railroad,  and  is 
reported  as  follows  by  Chas.  A.  F.  Morris,  who  was  Chief  Engineer 
when  the  well  was  dug: 

Round  House  Well  at  Glyndon. 

1.  Black  son 1ft.  3  in. 

2.  Yellow  quicksand 12  ft. 

3.  Blue  quicksand,  sheets  of  turf  and  vegetable  deposits. ...  3  ft.  6  in. 

4.  Blue  day  and  drift  wood 2  ft. 

5.  Blue  clay 2ft.7in. 

Total  depth 21ft.  6  in. 

This  section  is  interesting,  as  it  reveals  a  layer  of  drift  wood  18 
feet  below  the  surface.  While  this  was  probably  deposited  by  the 
current  of  Buffalo  river,  which  runs  near  Glyndon,  during  some 
earlier  history  of  its  channel,  which  then  must  have  occupied  a 
different  position  from  what  it  does  now,  it  may  still  be  due  to 
water-logged  drift  wood  that  was  gathered  along  the  shore  of  the 
ancient  lake  that  once  extended  to  or  even  beyond  Glyndon.  The 
character  of  the  material  overlying  the  drift  wood  ("yellow  quick- 
sand") strongly  indicates  the  fluvial  rather  than  the  lacustrine 
origin  of  the  drift  wood.  Its  not  having  been  discovered  at  other 
points  is  cumulative  evidence  of  its  not  extending  generally  under 
the  country  about  Glyndon,  as  it  would  be  more  likely  to  do  if  of 
lacustrine  origin.  Hence  it  is  not  likely  that  the  bad  odors  of  the 
wells  there  are  attributable  to  vegetable  decay  from  that  source.  H  it 
were  demonstrated  or  admitted  that  vegetable  decay  is  the  cause  of 
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these 'odors,  it  would  be  folly  to  overlook  the  chief  known  source  of 
such  contamination  (the  pine  curbing)  and  search  for  it  in  the  soil 
or  clay,  or  buried  drift  wood. 

At  Fisher's  Landing,  just  below  Crookston,  on  Red  Lake  river, 
the  grade  of  the  railroad  is  made  of  gravel,  rounded  by  water 
action,  similar  to  that  seen  in  a  number  of  places  along  the  road 
between  Glyndon  and  Crookston,  where  wave-action  has  carried 
away  the  clay  from  the  drift,  and  has  left  the  gravel  stones  strewn 
over  considerable  areas.  A  double  handfuU  of  these  pebbles,  from 
one-half  to  one  inch  in  diameter,  picked  up  without  selection, 
afforded  seventeen  of  fine,  compact  limestone,  and  four  of  meta- 
morphic  rock.  This  shows  probably  an  average  proportion  of 
limestone  pebbles  to  metamorphic  in  the  drift  of  the  Bed  River 
valley  in  general;  though  it  is  probable  the  limestone  pieces  would 
be  more  numerous  still  farther  north,  and  less  abundant  toward 
the  south.  These  limestone  pieces  are  strewn  with  the  drift  all 
over  the  western  portion  of  the  State,  even  to  the  Iowa  state  line, 
large  pieces  sometimes  being  found  in  the  southern  tier  of  counties. 
They  come  from  the  Winnipeg  limestone. 

Winnipeg — By  the  courtesy  of  the  officers  of  the  Red  River 
Transportation  Company  the  party  were  taken  to  Winnipeg  and 
there  made  further  examinations. 

Connell  and  Burke's  well,  dug  about  a  month,  is  66  feet  deep. 
The  water  was  at  first  good,  but  now  has  a  faint  taste  of  sulphu- 
retted hydrogen.  This  may  be  attributed  to  the  wood  curbing 
placed  in  the  well,  which  is  of  spruce.  The  well  went  through  40 
feet  of  fine  brick  clay,  and  16  feet  of  stony  clay,  with  boulders  of 
granite  and  limestone. 

Wm.  Heeler's  well  on  a  lower  terrace  level,  dug  three  years 
ago,  was  used  last  year  by  two  water-carts  in  distributing  water 
throughout  the  city,  and  was  good,  but  now  it  is  little  used,  and 
has  a  sulphuretted  taste.  It  passed  twelve  feet  through  brick-ciay 
and  obtained  water  in  quicksand;  has  pine  curbing. 

Wm.  Hespeler's  old  well,  on  the  same  level,  dug  four  years  ago 
near  the  last,  formerly  had  a  sulphur  taste,  but  now  farnishes  a 
beautiful  cold  water.  It  is  also  twelve  feet  deep.  It  has  a  pine 
curbing. 

Thos.  Maxwell's  well  is  near  the  last  two;  was  dug  this  spring, 
and  farnishes  perfectly  good  water.  It  is  the  same  as  the  last  two 
in  all  essential  particulars,  except  that  it  is  copiously  used  by  three 
water  carts  in  delivering  water  in  the  city.    Its  depth  is  also  a  lit-^ 
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tie  greater,  but  the  water  is  from  quicksand.  The  overlying  clay 
was  found  to  be,  as  in  those,  about  12  feet.  No  stony  clay  was  met 
with  in  these  wells. 

The  Messrs.  Chambers  Brothers  have  just  completed  a  well,  and 
put  in  wooden  curbing.  It  is  on  the  upper  flat  and  57  feet  deep, 
much  of  the  depth  being  in  a  stony  clay.  The  water  is  alkaline, 
and  as  yet  has  no  taste  of  sulphuretted  hydrogen,  or  organic  odors. 

The  well  at  the  Union  Hotel  is  "sweetly  alkaline."  It  is  just 
dug,  has  a  wooden  curbing,  and  is  57  feet  deep;  in  gravelly  clay. 

The  well  at  the  Free  Press  building  was  dug  four  years  ago,  and 
is  59  feet  deep.  The  water  is  alkaline  and  sulphuretted.  The  well 
is  curbed  with  pine,  which  still  affects  the  water.  .  The  water  rises 
from  a  gravelly  clay  deposit  near  the  bottom,  and  stands  within  ten 
or  twelve  feet  of  the  surface.    It  is  not  much  used. 

fNoTB— The  first  well  of  Mr.  Hespeler,  mentioned  above,  is  at  tiie  Orilla 
Honse.  It  is  near  a  bam,  with  a  manure  pile  very  near.  It  was  foul,  and  on 
being  cleaned  two  or  three  dead  gophers  were  taken  from  it.  His  second  wdl  i? 
at  his  brick  block,  but  not  more  than  forty  feet  from  the  first.  It  was  also  fonl 
and  ''stagnant*'  last  year,  but  on  being  more  pumped  became  good  again.  The 
Maxwell  well  is  between  them  and  in  a  low  barnyard  or  muddy  spot.  It  is  used 
by  three  water  carts.  The  tight  clay  of  which  the  surface  consists  seems  to  shed 
all  surface  impurities  whenever  the  slope  is  away  from  the  well.  This  is  "shown 
by  the  Maxwell  well  which,  though  favorably  situated  for  surface  indrainage,  is 
perfectly  free  from  these  bad  odors,  and  is  hurgely  used.] 

The  lime  rock  at  Andrew's  Rapids,  twelve  miles  below  the  city  of 
Winnipeg,  is  quarried  and  used  for  all  building,  and  even  as  dressed 
cut-stone  for  large  ornamental  fronts.  That  at  Rocky  Hill,  or 
Stony  Mountain,  where  the  penitentiary  is  built,  17  miles  north- 
west of  the  city,  seems  to  be  of  the  same  general  age  and  texture, 
but  is  more  fossiliferous  and  irregular.  Its  color  is  a  light  buft,  or 
laded  drab.  It  is  in  all  respects,  exactly  like  the  boulders  and 
gravel  strewn  so  abundantly  over  western  Minnesota. 

At  this  place  the  lacustrine  clay  makes  a  caream-colored  brick. 
Below  it,  or  in  it,  is  a  sand  layer,  which  does  not  seem  to  be  every- 
where met,  which  gives  good  water  not  perceptibly  alkaline.  The 
drift-clay  below  gives  a  strongly  alkaline  water.  There  are  some 
artesian  wells  in  this  neighborhood  which  rise  from  below  the  blue 
drift-clay,  or  hardpan. 

White  Earth.— Mx.  G.  A.  Morrison,  of  the  White  Earth  Indian 
Reservation  is  authority  for  the  statement  that  the  same  difficulty 
with  bad  water  is  encountered  there.    The  wells  are  dug  in  the  drift 
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clay,  and  are  all  curbed  with  pine,  with  one  exception.  That  also 
was  at  first,  bat  the  curb  was  taken  out  and  stone  walling  was 
put  in.    The  water  was  bad  before  the  change,  but  now  it  is  good. 

Detroit. — Wells  at  Detroit  enter  gravel  within  twenty-five  or 
thirty  feet,  and  find  a  good  lining  and  chalybeate  water  in  abund- 
ance. Wells  are  curbed  with  pine.  The  country  here  is  rolling, 
and  the  drift  clay  is  very  gravelly;  indeed  the  gravel  which  fur- 
nishes the  water  of  wells  seems  to  rise  to  the  very  surface.  No 
trouble  with  foul  water. 

Perham.—Here  the  soil  is  a  loam,  and  the  subsoil  and  drift  are 
gravelly,  allowing  free  underground  drainage.  Water  is  found  at 
20  and  30  feet.  Some  pine  curbs  have  been  used,  but  there  has 
been  no  trouble  with  foul  water.    The  supply  is  copious. 

Brainerd. — Many  of  the  wells  curbed  with  pine  at  this  place  are 
foul  in  the  same  manner  as  at  Fargo,  Breckenridge,  &c.  Atten- 
tion was  directed  to  the  fact  by  Dr.  J.  C.  Rosser,  of  Brainerd,  in 
connection  with  the  occurrence  of  numerous  cases  of  typhoid 
fever  which  had  been  attributed  to  the  use  of  bad  well-water. 
The  soil  here  is  sandy,  with  some  clay,  with  a  clayey  sub-soil. 
In  company  with  Dr.  Rosser  and  Dr.  V.  C.  Smith,  of  Daluth, 
the  writer  visited  and  examined  about  twenty  wells.  They  were 
found  to  be  all  curbed  or  walled  with  pine.  They  have  an 
average  depth  of  thirty-five  to  forty  feet  and  penetrate  a  stony  clay 
deposit.  They  have  mostly  been  dug  for  a  number  of  years. 
The  majority  have  a  distinct  taste  of  decayed  wood,  and  are  turbid 
with  floating  particles  from  the  pine.  The  smell  is  not  so  rank  as 
in  many  in  the  Red  River  Valley,  and  in  most  of  them  no  offen- 
sive odor  can  be  distinguished,  though  to  the  taste  there  is  a  dis- 
tinct trace  of  organic  decomposition.  They  seem  to  have  a  great 
deal  of  detached  floating  (or  suspended)  fungus  growth,  which  is  of 
a  yellowish-brown  color  and  inodorous.  These  wells  are  in  what 
might  be  styled  the  second  stage,  or  one  of  fungus  growth  and  dead 
wood,  which  is  a  natural  sequence  of  the  rank  and  odorous  stage 
which  they  first  pass  through.  The  occurrence  of  frequent  cases  of 
typhoid  fever  both  at  this  place  and  in  the  Red  River  Valley,  taken 
in  connection  with  bad  well-water  in  both  places,  was  suggestive 
of  the  possible  existence  of  a  common  cause.  It  was  for  this  rea- 
son that  Dr.  Rosser  desired  an  examination  of  the  Brainerd  wells. 
Three  samples  were  procured  for  chemical  examination.  They  were 
examined  by  Prof.  Peckham  with  the  following  results  : 
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Analysis  of  Well  Waters  frcnn  Brainerd. 
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No.  49,  above,  was  from  a  well  used  by  a  family  in  which  there 
had  been  a  recent  case  of  typhoid  fever.  The  water  had  been  con- 
demned some  time  before,  and  the  well  cleaned  with  the  discoTery 
of  several  dead  mice;  but  since  the  cleaning  the  water  had  not  been 
noticed  to  be  bad  again.  The  fever  occurred  after  the  use  of  the 
well  subsequent  to  its  being  cleaned.  At  the  time  the  sample  was 
taken  the  well  had  been  standing  again  unused,  from  the  removal 
of  the  family,  for  a  few  weeks.  It  has  a  pine  curbing.  On  visiting 
this  well  it  was  found  to  be  perceptibly  contaminated  with  organic 
decay,  which  was  perceivable  by  the  smell  as  well  as  by  the  taste. 

No.  50  was  from  a  well  that  was  not  known  to  have  any  bad 
taste  or  to  have  been  accompanied,  in  its  use,  by  any  cases  of  fever, 
though  curbed  with  pine. 

No.  51,  at  the  Leland  House,  there  had  been  several  cases  of  typhoid 
fever  during  the  summer.  Indeed,  with  the  single  exception  of  the 
case  in  the  family  of  Mr.  Alsop,  all  the  cases  in  the  town,  (season 
of  1877)  were  confined  to  this  house.  The  water  from  this  well, 
which  is  in  the  kitchen  and  not  well  protected  from  surface  in- 
drainage,  has  a  distinct  odor  and  taste  very  much  the  same  as  those 
in  the  Red  river  valley,  though  less  rank.  This  well  is  curbed 
with  pine. 

These  analyses  give  abundant  evidence  of  organic  matters  in 
these  wells.  The  albuminoid  and  free  ammonia  can  have  no  other 
plausible  explanation  ;  but  although  at  the  present  time  their  use 
is  visited  with  typhoid  fever,  they  are  no  worse  than  many  others 
which  were  examined,  and  probably  no  worse  than  most  of  the 
wells  of  the  place  that  are  so  curbed,  during  some  former  portion 
of  their  history.  In  former  years  this  town  has  been  severely  af- 
flicted with  typhoid  fever.  At  one  house,  formerly  use  as  a  hotel, 
it  had  been  so  common  that  the  house  was  for  some  months  a  very 
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hospital  of  typhoid  fever,  but  now  is  not  so  much  troubled.  This 
well,  however,  is  still  bad  from  the  same  cause,  but  has  passed  its 
foulest  stage.  In  other  cases  when  these  wells  have  been  unused 
for  some  time,  the  odor  becomes  intensified;  audit  is  a  singular 
feet  that  familiarity  with  and  use  of  the  water  renders  it  impossible 
to  distinguish  it,  and  even  makes  it  agreeable.  The  most  of  the 
wells  examined  were  said  to  have  "good  water"  by  the  owners. 
Occasionally  a  man  is  found  who  says  his  well  '^tastes  of  the  wood;" 
and  also  one  occasionally  who  really  knows  that  the  water  becomes 
foul  from  the  pine,  and  recommends  instead  that  oak  be  used. 

In  Mr.  Follet's  well,  near  Mr.  Alsop's,  the  decay  is  just  begun, 
the  well  Tiaving  been  dug  this  summer.  It  shows  in  iridescent 
films  that  float  on  the  surface  of  a  cupful,  but  does  not  now  taste 
very  bad. 

Herman. — The  deep  well  at  this  place  was  drilled  by  C.  E.* 
Whelpley,  of  Minneapolis,  and  the  following  record  of  it  was  fur- 
nished by  him : 

1.  Blue  day...... 124 feet. 

2.  Rock 6.5feet. 

Whole  depth 189  feet. 

Water  from  the  top  of  the  roek  rose  to  within  six  feet  of  the  sur- 
face. There  was  considerable  coal  on  the  surface  of  the  rock.  The 
rock  was  very  hard  to  drill  and  showed  several  changes  within  the 
sixty-five  feet.  The  following  letter  may  here  be  given  pertaining 
to  this  well. 

Minneapolis,  Minn.,  23d  March,  1878. 

C.  E,  Whelply,  1506  3}4  Street  South: 

Deab  Sib: — I  have  just  received  your  letter  of  March  22d,  written  at  Herman, 
containing  samples  of  rock  taken  firom  near  the  bottom  of  the  well  you  are  drill- 
ing there;  in  which  you  ask  me  what  kinds  of  rock  they  are,  and  the  probability 
of  getting  a  flowing  well  by  drilling  deeper.  The  samples  are  as  follows,  as  you 
numbered  them,  in  descending  order. 

No.  1.  "Found  124  feet  under  blue  day,  seven  or  eight  feet  thick."  This  is 
the  same  stone  as  the  limestone  boulders  that  lie  strewn  over  the  surface  of  the 
Red  River  flats  from  Winnipeg  to  Big  Stone  Lake  and  beyond,  and  is  found  out- 
cropping at  the  surface  beyond  the  limits  of  Minnesota  in  Manitoba.  It  is  a  fine 
grained,  buff,  magnesian  limestone,  of  the  Silurian  or  Devonian  age.    Your  let- 
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ter  seems  to  convey  the  idea  that  this  lies  in  a  layer  seven  or  eight  feet  thici  im- 
mediately over  the  rock  of  the  next  number.  That  would  be  anomalous  and  un- 
expected. It  is  very  probable  that  this  fragment  is  from  a  drift  boulder,  and 
that  the  thickness  of  seven  or  eight  feet  was  occupied  with  a  compacted  bouldw- 
mass,  mostly  made  up  of  such  rock.  It  is  true  that  nearly  all  the  boulders  and 
gravel  of  the  drift  in  that  whole  region  are  of  this  rock,  and,  according  to  a  well 
known  fact,  boulders  are  much  more  frequent  in  the  lowest  ten  feet  of  the  drifl 
than  in  any  other  part.  ♦♦♦♦«♦•» 

No.  2.  This  is  a  quartzose,  granite,  parti-colored  by  flesh-red  feldspar.  It  is 
but  a  small  piece,  but  is  compact  and  fresh.    It  has  but  little  mica. 

No.  3.  This  18  a  white,  micaceous  quartzyte,  in  which  there  seems  to  be  a  little 
gray  labradorite. 

No.  4.  This  is  a  fragment  of  crystalline  feldspar,  with  one  rectangular  dear- 
age,  and  a  dull,  vitreous  luster, — an  orthoclase. 

No.  5.  This  fragment  consists  of  glassy  quartz  and  mica. 

No.  6.  Mica  schist,  with  associated  talcose  rock. 

No.  7.  Mica  schist  with  veinings  of  caldte. 
•    No.  8.  Mica  schist,  changed  in  color  by  heat  applied  since  it  was  taken  out  of 
the  well.    (Same  as  No.  6.) 

No.  9.  Coarse  mica  schist.  This  came  from  a  depth  of  186  feet,  and  is  said  to 
have  begun  at  180  feet. 

A  glance  at  these  samples  is  sufficient  to  show  that  your  well  is  now  in  the 
metamorphic  rock,  the  strata  of  which  are  discordant  and  highly  tilted,  and  from 
which  there  are  no  instances  of  artesian  overflows  that  I  have  ever  heard  of  All 
our  artesian  wells  are  in  higher  geological  horizons.  I  should  unhesitatingly 
discom*age  you  from  drilling  any  deeper  in  hope  of  getting  a  flowing  well.  These 
rocks  are  several  thousand  feet  in  thickness,  and  are  followed  by  granites  and 
syenibes,  in  which  there  is  no  better  chance  of  artesian  water. 

Very  respectfrdly, 

N.  H.  WINCHELL. 

The  Surface  Geology  of  the  Country. 

It  is  not  possible  to  give  a  fall  account  of  the  surface  deposits  of 
the  valley  of  the  Red  River  of  the  North.  This  sketch  will  be 
confined  to  such  general  views  as  may  be  gathered  from  a  hasty 
reconnoisance,  based  on  such  facts  as  an  inspection  of  the  banks  of 
the  river  at  numerous  points  and  the  examination  of  the  foregoing 
wells  have  aflforded.  The  full  details  will  have  to  be  filled  in  by 
subsequent  and  more  elaborate  exploration. 

It  is  found  that  the  lowest  portion  of  the  drift  consists  of  a  stony 
clay,  which  below  contains  more  abundant  gravel,  and  throughout 
many  stones  and  boulders.  It  is  also  probable  that  many  wells 
which  have  been  supposed  to  have  passed  through  it,  have  only 
struck  water-bearing  courses  of  gravel  or  sand  in  the  clay  itself. 
This  deposit  is  generally  blue.    When  it  is  at  the  surface  it  is 
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lighter  colored.  The  stones  which  it  contains  are  fix)m  various 
formations,  but  about  75  per  cent,  of  them  seem  to  belong  to  the 
Winnepeg  limestones.  The  rest  of  the  stones  are  granitic.  This 
clay  also  contains  Cretaceous  debris,  such  as  slate  and  lignite.  Such 
lignite  sometimes  is  rather  plentiful,  and  indicates  that  the  Creta- 
ceous formation,  which  is  rather  fragile  and  incapable  of  enduring 
long  transportation,  underlies  large  portions  of  the  valley,  if  not 
the  whole  of  it,  and  that  the  clayey  portions  of  the  stony  clay  have 
been  very,  largely  derived  from  the  disintegration  of  this  formation. 
This  is  further  evinced  by  the  occurrence  of  crystals  of  selenite  in 
the  drift  deposits  near  Fort  Abercrombie,  the  sulphate  of  lime 
being  one  of  the  alkaline  salts  that  seems  to  have  been  abundantly 
in  solution  in  the  waters  of  the  Cretaceous  ocean.  This  vast  clayey 
deposit  of  unmodified  drift  rises  to  the  surface  round  the  margins 
of  the  valley  and  spreads  out  in  extensive  flats,  on  both  sides  of  the 
ri?er,  and  between  Breckenridge  and  Big  Stone  Lake  toward  the 
south.  This  flat  surface  passes  by  insensible  degrees  to  one  more 
rolling,  and  at  the  same  tiriie  becomes  more  stony,  toward  the  east, 
making  the  bulk  of  the  Leaf  Hills  in  Minnesota,  and  toward  the 
west  making  the  Coteau  de  Prairie  in  Dakota.  It  is  essentially  and 
typically  a  glacier-deposit,  its  varied  aspects  being  due  to  the  agency 
of  water,  present  at  the  time  of  deposition,  and  either  running  with 
considerable  current  so  as  to  wash  out  the  clay  and  make  stratified 
gravels  and  sands  within  the  mass,  as  in  the  Leaf  Hills  and  in  the 
Coteau,  or  in  the  form  of  standing  water,  by  which  the  clayey  parta 
were  retained  and  the  whole  spread  out  with  a  smooth  upper  sur- 
fiuje,  without  much  modification  of  structure. 

After-this  drift  clay  was  deposited  there  was  for  a  long  time  a 
large  lake  of  fresh  water  standing  over  the  valley  of  the  Red  River 
of  the  North,  which  had  an  outlet  toward  the  south  by  way  of  the 
Minnesota  valley.  This  lake  probably  began  its  existence  during 
the  last  period  of  ice,  and  was  caused,  at  least  during  the  latter 
part  of  its  prevalence,  by  the  glacier  ice  itself,  which  obstructed 
the  northward  flow  which  the  natural  slope  of  the  country  indi- 
cated and  required.  This  lake  began  its  existence  on  a  much  more 
restricted  scale  near  Big  Stone  Lake,  and  it  received  and  spread  out 
evenly,  as  already  noted,  the  glacier  drift  as  fast  as  the  glacier 
brought  it  forward.  It  grew  toward  the  north  as  fast  as  the  retreat- 
ing ice  sheet  made  way  for  it.  At  length,  when  there  were  partial 
or  periodical  openings  in  the  northward  outlet  by  way  of  Winni- 
peg, its  shore  line  advanced  or  receded  as  the  outlet  opened  or 
closed  by  the  seasons  of  the  waning  glacial  winter.    Hence  the 
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fiae  deposits  which  it  spread  widely  during  the  times  of  its  highest 
stages  were  withdrawn  by  the  receding  beach  line  during  the  times 
of  its  shrinkage  and  partial  discharge  northward.  Hence  the 
lacustrine  clay  is  not  spread  so  widely  as  would  be  expected  from 
the  existence  of  beach  marks  at  some  elevated  levels. 

It  was  the  water  of  this  lake  during  its  period  of  agitation  and 
instability  that  produced  the  next  noteworthy  member  of  the  drift 
deposits  in  the  Red  River  valley.  This  is  a  layer  of  gravel  and 
sand,  sometimes  containing  fresh  water  shells  in  abundance,  as  at 
McCauleyville,  which  nearly  everywhere  underlies  the  lacustrine 
clay  and  afiPbrds  water.  This  sometimes  is  several  feet  thick.  It 
lies  directly  on  the  upper  surface  of  the  boulder  clay,  but  it  does 
not  extend  generally  over  that  surface  where  the  lacustrine  clay  is 
wanting. 

The  lacustrine  clay  is  horizontally  stratified,  and  contains  no 
stones  (at  least  none  have  been  seen)  nor  gravel.  It  is  fine  and 
close.  It  is  of  a  yellowish  or  earthy  color;  or  at  considerable 
depth  it  may  be  bluish.  It  makes  cream-colored  brick.  It  contains 
less  of  the  "alkali"  than  the  drift  clay  Its  area  is  about  twenty- 
five  miles  wide  in  Minnesota,  but  it  extends  westward  into  Dakota 
with  about  equal  width,  or  perhaps  greater,  and  runs  northward 
into  Manitoba  with  an  increasing  width  and  thickness.  It  is  barely 
found  south  of  Breckenridge.  Its  special  location  is  along  the 
river,  covering  a  belt  on  either  side,  and  widenins:  east  and  west  up 
the  tributary  valleys.  But  the  most  of  the  surface  of  the  Red 
River  valley,  within  Minnesota,  seems  to  be  formed  of"  the  drift 
clay,  showing  stones  and  gravel  in  abundance.  There  is  not  much 
doubt  that  this  lacustrine  clay  was  once  spread  more  widely  over 
the  surface  of  the  drift  clay,  and  was  removed  by  the  action  of  the 
slowly  retreating  shore  line. 

The  latest  of  the  surface  deposits  is  the  alluvium  of  the  river, 
which  sometimes  becomes  a  very  important  one.  Its  amount  and 
area  are  greater  further  north.  While  this  is  generally  an  incohe- 
rent, amorphous  and  arenaceous  deposit  rich  in  vegetable  humus, 
and  is  confined  to  the  immediate  valley  between  the  bluffs  formed 
of  the  older  foregoing  clays,  yet  there  are  some  places  where  it  is 
more  compact,  and  has  an  undulating  stratification  that  somewhat 
resembles  that  of  the  lacustrine  clay  into  which  it  then  seems  to 
pass.  Such  cases  are  not  common,  however.  It  is  this  deposit 
that  bears  the  timber  that  occupies  the  valley.  It  is  much  more 
abundant  where  the  lacustrine  clay  forms  the  river  banks  than 
where  they  are  composed  of  drift  clay. 
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The  adjoining  diagram,  representing  a  transverse  section  of  the 
valley  at  Moorhead,  illustrates  the  superposition  of  these  parts  of 
the  drift. 

Fig.  1. 


Section  across  the  Red  River  Valley  at  Moorhead. 

The  Chemical  Peculiarities  of  the  Waters  of  the  Valley. 

In  general  the  waters  of  the  entire  valley  are  alkaline*,  whether 
taken  from  wells,  springs  or  running  streams.  That  is  to  say,  they 
contain  considerable  amounts  of  lime,  magnesia  and  soda,  combined 
as  sulphates,  carbonates  and  chlorides.  They  are  not  often  very 
bitter,  indicating  a  moderate  amount  only  of  the  chlorides  of  cal- 
cium and  magnesium,  but  they  contain  on  the  other  hand  not  a 
suflScient  quantity  of  sodium  chloride  to  allow  of  denominating 
them  saline.  The  soda  is  probably  in  the  form  of  bicarbonate,  with 
a  small  proportion  ot  chloride,  the  lime  as  carbonate  and  sulphate, 
and  the  magnesia  as  sulphate.  Indeed  the  most  predominant  taste 
is  that  of  sulphate  of  magnesia,  or  epsom  salt.  The  waters  of  the 
valley  axe  not  equally  affected  by  these  mineral  ingredients.   Those 

*The  analysis  of  the  "alkali"  of  the  western  prairies,  taken  from  the  south  bend  of 
Moose  river,  in  Dakota  territory,  by  Prof.  E.  H.  Twining,  is  given  in  the  report  of  the 
Superintendent  of  Public  Instruction  of  the  State  for  1870.    [Ex.  Docs,  of  1871.] 

1.  Coarse  gravel,  principally  quartz 28  per  cent. 

2.  Finer  material,  principally  quartz  sand 18  per  cent. 

3.  Fine  dust,  (passes  through  a  sieve  of  80  to  an  inch 64  per  cent. 


Total 100  per  cent. 

COUPOSITIOir  OF  NO.  8. 

Loss  by  ignition  (water  and  organic  matter) 3 .90  per  cent. 

Insoluble  in  acids  (principally  quartz  sand) 67 .47  per  cent. 

Soluble  silica 1.36  per  cent. 

Sulphuric  acid 7 .43  per  cent. 

Carbonic  acid 5 .  96  per  cent. 

jg^iiii:!  combined  with  Carbonic  Acid}:;:::::::::::"::  \%^,'^fc 

Potash 1.05  per  cent. 

Soda 6.18  per  cent. 

Alumina  and  Sesquioxlde  of  irom 1.72percent. 

Chlorine Trace. 

Total 99.98  per  cent, 
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springs  or  wells  that  obtain  their  water  from  the  drift  clay  are 
the  most  uniformly  and  strongly  affected.  Those  whose  source  is 
in  the  lacustrine  clay,  or  from  the  sandy  layer  between  it  and  the 
drift  clay,  are  much  less  alkaline,  as  a  general  rule,  though  it  is  not 
at  all  impossible  that  that  layer  should  contain  water  derived  im- 
mediately from  the  underlying  drift  clay,  which  would  be  as  strong- 
ly alkaline  as  any  directly  from  the  drift  clay.  The  waters  finest 
from  these  mineral  impurities  are  those  found  in  the  streams.  Of 
these  streams  those  will  be  found  least  alkaline  that  flow  wholly  or 
mostly  over  the  lacustrine  clay,  and  hence  they  are  in  the  northern 
portion  of  the  valley,  where  the  lacustrine  clay  spreads  wider..  The 
water  of  the  Bois  des  Sioux  is  purer  (so  far  as  these  ingredients  are 
concerned)  than  that  of  the  Otter  Tail.  The  former  is  the  outlet  of 
Lake  Travers,  and  it  is  confined  wholly  to  the  immediate  river  val- 
ley, having  only  inconsiderable  streams  flowing  from  the  drift  clay 
surface.  The  Otter  Tail,  on  the  other  hand,  rises  in  the  Leaf  Hills^ 
and  flows  for  several  miles,  and  nearly  its  whole  course,  over  the 
^  alkaline  drift  clay. 

These  alkaline  qualities  are  remarkably  affected  by  organic  im- 
purities. In  some  of  the  natural  waters  of  the  valley  this  effect  is 
noticeable,  particularly  in  those  which  are  sluggish.  Some  low 
grounds,  in  which  vegetation  grows  rankly  some  portions  of  the 
season,  but  in  which  these  alkaline  waters  collect  and  stand  for 
some  weeks  or  months  during  the  early  part  of  the  following  sea- 
son, are  offensive  with  sulphuretted  hydrogen,  while  the  waters 
themselves  are  foul  and  sickening.  Such  effects  are  due  to  the  re- 
action of  the  decaying  vegetable  grovrths  on  the  alkaline  salts  of 
the  water,  which  converts  the  sulphates  into  sulphurets,  which  in 
turn  are  changed  by  the  carbonic  acid  present,  with  the  separation 
of  free  sulphuretted  hydrogen,  and  the  formation  of  carbonates. 
The  small  streams  of  the  valley  are  also  apt  to  be  nearly  stagnant 
during  the  summer  season  while  they  choke  up  with  grass  and  oth- 
er vegetation;  and  become  heavily  charged  with  organic  matters. 
These  react  on  the  sulphates  and  materially  affect  the  mineral  con- 
dition of  the  waters,  and  their  usefulness  for  domestic  or  agricult- 
ural purposes,  They  generally  continue  to  be  used  for  watering 
places  for  stock,  and  are  sometimes  hauled  in  barrels  for  household 
purposes.  If  these  reactions  are  perfectly  balanced  by  even  por- 
tions of  organic  matters  and  alkaline  minerals  the  soluble  sulphates 
in  the  water  may  be  wholly  converted  into  insoluble  carbonates, 
thus  mainly  freeing  the  water  both  of  organic  acids  and  of  the  usual 
mineral  ingredients.  But  this  is  usually  not  the  case.  In  the 
spring  months,  and  during  wet  seasons,  the  alkaline  ingredients 
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.  overbalance  the  organic  acids;  but  during  the  summer  and  fall, 
when  the  springs  run  low,  and  the  developement  of  organic  sub- 
stances, and  their  decay,  are  most  active,  the  organic  impurities  are 
in  excess  of  the  alkaline,  and  the  waters  show  their  worst  condition 
— which  is  prolonged  by  the  flatness  of  the  surface,  and  the  conse- 
quent slowness  of  natural  drainage. 

The  waters  of  the  valley  generally  do  not  have  an  offensive  odor. 
It  is  only  in  stagnant  and  confined  water  these  effects  are  noticea- 
ble. The  chemical  interaction  is  so  slow  that  the  resulting  gas  es- 
capes unobserved,  and  the  waters  are  slowly  purified  by  the  change. 
Suspended  organic  matter  is  also  rapidly  oxydized  by  contact  with 
the  atmosphere. 

The  following  report  of  Prof.  Peckham  to  Dr.  C.  N.  Hewitt, 
shows  more  fully  the  chemical  peculiarities  of  the  waters  of  the  val- 
ley from  different  localities  : 

Dr,  C.  N,  HetciU: 

My  Deak  Sir — I  have  the  pleasure  of  submitting  the  following  report  of  the 
examination  that  I  have  just  concluded  of  the  specimens  of  water  collected  on 
our  trip  through  the  Red  River  Valley.  They  were  gathered  from  the  following 
named  localities: 

No.    1.  The  flowing  well  at  Tintah,  St.  P.  &  P.  R.  R. 

No.    2.  St.  Gabrielle  Springs,  near  Campbell,  St.  P.  &  P.  R.  R. 

No.    3.  Well  at  Campbell  Station,  St.  P.  &.  P.  R.  R. 

No.   4.  Otter  Tail  River,  at  Breckenridge,  St.  P.  &  P.  R.  R. 

No.    5.  Bois  des  Sioux,  at  Breckenridge,  St.  P.  &  P.  R.  R. 

No.   6.  Well  at  Connelley's,  on  river,  four  miles  northwest  of  Breckenridge. 

No.    7.  Wild  Rice  River,  west  of  Fort  Abercrombie. 

No.   8.  Well  at  Nolan's  Hotel,  McCauleyville. 

No.    9.  Well  at  Brewery,  Moorhead  (Artesian). 

No.  10.  Well  at  Bramble  House,  Moorhead  (surfece). 

No.  11.  Well  at  Glyndon,  good-^in  general  use. 

No.  12.  Well  at  Glyndon,  bad,  McLenan's. 

No.  13.  Town  Well  at  Breckenridge. 

They  were  selected  for  the  following  reasons: 

No.  1  was  from  a  well  that  was  dug  only  a  few  feet  into  the  level  prairie, 
which  fumishes  a  stream  of  water  constantly  flowing  over  its  brink.  The  water 
of  this  well  is  considered  of  fair  quality,  and  is  used  at  several  of  the  stations 
on  the  St.  P.  &  P.  R.  R.  in  that  vicinity.  It  was  therefore  thought  best  to  ex- 
amine it 

No.  2  is  from  St.  Grabrielle  Springs  about  2%  miles  from  Campbell  Station  on 
the  St.  P.  &  P.  R.  R.,  situated  on  the  banks  of  a  small  stream  called  Rabbit 
River.  These  springs  are  the  only  natural  outlet  for  water  in  that  part  of  the 
country  so  &r  as  could  be  learned. 
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No.  3  from  the  well  at  Campbell  Station  was  represented  as  being  very  bad, 
and  quite  milike  either  Xos.  1  or  2.  As  this  well  was  quite  deep  and  in  the  im- 
mediate neighborhood  of  1  and  2  it  was  thought  desirable  to  know  in  what  re- 
spects they  differed. 

No.  4  IS  considered  by  the  inhabitants  to  be  the  best  water  in  the  upptr  Red 
River  Valley,  and  with  No.  6  is  extensively  used  along  the  banks  of  the  two  riv- 
ers. As  these  two  waters  in  mingling  lorm  the  Red  River,  it  was  thought  desir- 
able to  ascertain  their  quality  and  then:  differences,  if  such  existed. 

No.  6  was  selected  because  there  was  reason  to  believe  that  it  was  the  river 
water  filtered  through  beds  of  gravel  which  formed  the  river  bottom  at  that 
point.  It  was  thought  desirable  to  know  if  such  filtration  removed  mineral  mat- 
ter from  the  water. 

No.  7,  fi-om  a  tributary  of  the  Red  River  has  a  bad  reputation.  It  was  thought 
advisable  to  compare  this  water  with  that  of  the  Otter  Tail. 

No.  8  appeared  to  be  bad  from  excess  of  mineral  matter,  and  at  the  same  time 
it  was  different  from  the  well  at  Breckenridge.  For  that  reason  it  was  thought 
best  to  examine  it. 

No.  9  was  selected  as  representing  the  water  of  a  very  deep  well,  and  No.  10 
as  representing  the  water  of  a  shallow  well  from  the  same  locality,  that  had  been 
recently  dug.    It  was  thought  best  to  compare  them. 

Nos.  11  and  12  were  from  two  wells  very  near  together  and  very  unlike,  one 
being  considered  very  good  and  the  other  very  poor.  It  was  thought  best  to 
compare  these  and  ascertain  if  possible  why  the  water  in  the  bad  well  should 
have  become  sulphurous. 

No.  13  was  the  town  well  at  Breckenridge.  When  selected  it  was  supposed 
to  represent  the  bad  well  water  of  that  locality.  It  was  probably  much  worse 
than  the  average. 

The  accompanying  table  gives  the  results  of  the  examination  of  these  speci- 
mens. In  estimating  the  total  mineral  and  organic  constituents,  100  c.  c.  were 
evaporated  over  a  water  bath  and  when  dry  the  residue  was  heated  to  130  deg. 
C.  in  an  air  bath.  It  was  then  cooled  and  weighed,  and  the  amount  calculated 
as  **total  solid  residue."'  This  residue  was  then  heated  over  a  Bunsen^s  lamp 
and  the  organic  matter  burned  off.  The  residue  remaining  was  calculated  as  the 
mineral  matter  in  solution  and  the  difference  as  volatile  and  organic  matter. 
This  difference  can  not  be  safely  computed  as  organic  matter  excepting  in  those 
cases  when  the  mineral  ingredients  existed  chiefly  in  the  form  of  bi-carbonates. 
Sulphates  in  some  instances  and  chlorides  in  nearly  all,  retain  water  at  130  deg. 
G.  and  when  the  amount  of  such  salts  is  comparatively  large,  they  prevent  ihe 
complete  combustion  of  the  organic  matter  by  fusing  and  enclosing  particles  of 
carbon.  No.  13  may  be  noticed  as  an  example  of  this  difficulty.  'Die  organic 
and  volatile  matter  estimated  from  difference  is  91.412  of  which  only  22.298 
grains  is  actually  organic  matter. 

The  soap  test  was  then  employed  to  determine  the  total  hardness,  permanent 
hardness,  and  by  difference,  the  removable  hardness.  Ala*  the  sulphuric  add, 
lime  and  magnesium .  This  test  gave  satisfactory  results  on  all  of  the  specimens 
but  one.  In  No.  11  the  permanent  hardness  was  greater  than  the  total  hard- 
ness; that  is,  the  water  was  harder  after  boiling  than  it  was  before.  The  tests 
were  repeated  until  no  doubt  could  be  entertained  of  the  fact.  1  cannot  explain 
this  anomalous  result.  For  SO3  the  soap  test  appears  to  give  very  satisfactoiy 
results,  but  for  lime  and  magnesia  the  process  as  described  are  highly  empirical 
and  give  results  of  but  little  or  no  value  except  when  applied  to  water  containing 
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those  bases  as  carbonates,  and  which  at  the  same  time  is  free  from  alkaline  sul- 
phates and  chlorides.  Waters  containing  the  last  named  salts  are  rendered 
harder  by  them.  If  then  the  total  hardness  is  used  as  a  basis  for  the  estimation 
of  the  hme,  it  is  obvious  on  a  moment's  reflection,  that  if,  as  advised  by  Parke, 
the  total  hardness  m  tenths  of  a  cubic  centimeter  be  divided  by  four  and  a  drop  of 
ammonium  oxalate  solution  added  for  every  four  degrees  of  hardness  in  a  carbonated 
water,  the  same  rule  applied  to  a  water  containing  alkaline  chlorides  or  sul- 
phates would  cause  an  addition  of  anexcess  of  the  precipitant  which  adds 
to  the  hardness.  For  this  reason  I  found  it  impossible  to  estimate  the  lime 
by  the  soap  solution  in  Nos.  7,  9,  11  and  12.  I  have  but  little  confidence 
in  the  results  given  for  the  other  numbers.  The  magnesia  was  still  worse 
for  the  entire  hardness  produced  by  alkaline  chlorides  or  sulphates  is  in- 
cluded in  tiie  magnesia  by  Parke's  method,  as  neither  chlorine  or  sulphuric 
acid  in  combination  with  the  alkalies  is  precipitated  either  by  boiling  or  by 
ammonium  oxalate.  I  have  therefore  omitted  the  estimates  of  magnesia  in 
all  cases  as  in  those  in  which  the  determination  was  made,  I  had  no  reason  to 
believe  the  figures  reliable.  The  chlorine  was  estimated  by  a  standard  solution 
of  silver  nitrate,  verified  m  No.  13  by  precipitation  and  weighing;  ii>' which  case 
the  results  corresponded  to  one  one- hundredth  of  a  grain. 

We  have  reliable  data  therefore  for  comparing  the  waters  in  reference  to  the 
amount  of  mineral  matter  in  solution,  the  total  and  permanent  hardness,  the 
sulphuric  acid  and  the  chlorine. 

A  comparison  of  the  difterent  specimens  shows  a  range  of  amounts  of  mineral 
matter  in  solution  varying  from  6.304  grains  to  390. 158  grains  in  a  gallon. 

Numbers  13  and  8  are  properly  termed  mineral  waters.  Numbers  1,  2,  3,  10, 
11  and  12  are  very  hard  well  and  spring  waters;  numbers  6,  7,  and  9  are  ordi- 
nary hard  waters,  while  numbers  4  and  5  are  quite  pure  river  waters  when  we 
consider  that  they  flow  from  and  over  sedimentary  formations. 

Numbers  4  and  5  are  quite  free  from  sulphates  and  chlorides.  It  will  be 
farther  observed  in  reference  to  the  remainder  that  with  the  exception  of  number 
13  the  sulphates  are  not  extremely  large,  while  again  excepting  number  13  the 
chlorides  are  very  large,  especially  in  numbers  7,  8,  10,  11  and  12.  These  re- 
sults are  unexpected,  and  I  am,especially  surprised  to  obtain  unmistakable  evi- 
dence that  the  water  of  the  Bois  des  Sioux  river  is  purer  than  that  of  the  Otter 
Tail— in  feet  is  the  purest  water  in  the  valley.  A  remarkable  difference  is  also 
observed  between  the  water  of  these  rivers  and  that  of  the  well  at  Conelley's. 
The  mineral  matter  has  increased  about  four  fold,  the  chlorine  seven  fold,  and 
the  sulphuric  acid  three  fold.  These  facts  imply  that  the  well  water  cannot  be 
simply  the  river  water,  filtered  through  the  gravel  of  the  river  bank. 

So  far  as  these  results  bear  upon  the  subject  of  our  inquiry  they  show  that  the 
waters  of  the  Red  River  Valley  do  not  contain  large  amounts  of  sulphuric  acid, 
but  that  they  are  heavily  charged  with  chlorides,  probably  largely  combined  with 
lime  and  magnesia.  As  a  consequence  they  produce  very  hygroscopic  residues 
when  evaporated,  and  the  accurate  determination  ot  the  total  solid  residue  or 
mineral  constituents  becomes  extremely  difficult  if  riot  impossible .  An  examina- 
tion of  the  table  shows  that  in  every  specimeQ  in  which  the  chlorine  is  large  the 
orgamc  and  volatile  matter  is  also  large .  This  is  not  on  account  of  an  excess  of 
organic  matter  but  because  the  latter  item  is  estimated  by  lose,  and  the  loss  con- 
sists of  water  retained  at  130  deg.  C ,  and  also  of  a  part  of  the  chlorine  from  the 
decomposed  magnesium  chloride. 
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I  cannot  venture  an  opinion  based  upon  these  results,  as  to  the  cause  of 
the  water  of  many  wells  becoming  foetid  on  standing,  or  when  the  well  is  used 
but  little  or  not  at  all.  Number  11,  is  a  colorless,  odorless  water,  used  by  the 
entire  population  of  Glyndon.  Number  12.  is  from  a  well  but  a  few  rods  distant 
from  No.  11 .  It  is  of  a  yellowish  color,  contains  a  black  sediment,  and  is  heavily 
charged  with  sulphuretted  hydrogen  gas.  Examination  has  thus  far  proved 
them  to  be  of  the  same  general  character,  with  no  difference  in  any  respect  that 
can  be  regarded  as  important.  If  the  solution  of  this  question  is  deemed  desir- 
able, I  should  recommend  the  selection  of  a  number  of  typical  specimens  and 
their  complete  analysis,  for  organic,  as  well  as  mineral  constituents.  I  should 
also  advise  a  microscopic  examination  by  an  expert  if  possible.  I  would  recom- 
mend aa  preliminary  to  the  selection  of  these  specimens,  a  further  exploration  of 
the  valley,  and  an  examination  by  the  soap  test,  and  for  chlorine,  of  a  large 
number  of  waters,  particularly  those  from  springs,  and  if  possible  from  wells 
that  are  free  from  exposure  to  filtration  of  surface  drainage,  and  filth  filtered 
from  sink  drain?,  bam  yards,  and  the  streets  of  towns. 

As  an  illustration  of  the  difliculties  attending  the  drawing  of  any  conclusions 
from  the  results  thus  far  obtained,  Number  9  may  be  mentioned.  The  perma- 
nent hardness  is  less  than  in  any  other  specimen,  indicating  an  absence  of  mag- 
nesium, sulphate  and  chloride.  There  was  no  q^lcium  and  magnesium  chloride 
in  the  residue.  Therefore,  no  water  was  retained  at  130  deg.  C  The  9.147 
grains  of  organic  and  volatile  matter  is  doubtless  organic  matter,  and  is  a  com- 
paratively large  quantity.  The  source  of  this  organic  matter  it  is  impossible  to 
determine,  unless  its  character  be  ascertained.  The  water  smelled  as  if  contiun- 
inated  with  sewage  from  a  sink,  and  may  contain  the  soakage  from  the  Brew- 
ery in  which  it  h  situated,  or  the  organic  matter  may  be  derived  from  the  day. 
The  bad  well  at  Glyndon  is  near  a  bam,  and  the  surface  around  it  was  covered 
with  kitchen  slops  when  the  specimen  was  obtained.  The  residue  from  the 
water  had  a  decided  odor  of  urine.  The  question  whether  these  organic  con 
taminations  are  derived  from  the  subsoil  or  from  surface  infiltration,  becomes 
therefore  a  fundamental  consideration,  with  reference  to  the  prevention  of  cure 
of  the  undoubted  bad  qualities  of  most  of  the  water  examined.  The  amount  of 
calcium  bi-carbonate  is  not  large  in  these  specimens  of  water,  while  chlorides  are 
abundant.  It  would  not  therefore  be  advisable  to*  recommend  the  use  of  Clark's 
lime  process. 

An  examination  showed  the  day  to  contain  a  large  amount  of  organic  matter. 
No  other  result  could  have  been  expected.    Respectfully  submitted, 

S.  F.  PECKHAM. 
State  Chemist. 
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Conclusions. 

The  foregoing  ascertained  facts  will  warrant  the  statement  of 
sundry  conclusions  which  may  be  given  briefly  as  follows:  They 
pertain  to  the  solution  of  the  question — whence  come  the  foul 
odors  of  the  wells  in  the  Red  River  region? 

1.  The  drift  clay  affords  a  strongly  alkaline  water. 

2.  The  lacustrine  clay  affords  a  sUghtly  or  non-alkaline  water. 

3.  There  is  generally  a  water-bearing  stratum  of  sand,  or  of  gravel  and  sand, 
between  the  lacustrine  and  drift  days,  which  affords  a  good  water  in  nearly  all 
cases. 

4.  The  drift  clay  comes  largely  from  the  disruption  of  the  marine  Cretaceous 
days,  and  that  accounts  for  its  greater  alkaline  qualities — while, 

5.  The  lacustrine  clay  is  a  deposit  of  superfidal  fresh  waters. 

6.  There  is  a  water-bearing  stratum  in  or  near  the  bottom  of  the  drift  clay 
which  is  under  considerable  hydrostatic  pressure,  and  water  from  it  rises  nearly 
or  quite  to  the  natural  surface. 

7.  Nearly  all  of  the  wells  in  the  Red  River  Valley  are  curbed  with  wood  of 
some  sort,  generally  pine. 

8.  This  wood  imdergoes  rapid  changes  due  to  the  chemical  reactions  between 
organic  adds  and  alkaline  waters,  as  above  described  under  natural  circumstan- 
ces. 

9.  This  source  of  foul  odors  is  abundantly  sufl&cient  to  account  for  all  the  phe- 
nomena. 

10.  The  organic  matters  cannot  come  from  the  lacustrine  day,  because  the 
odors  are  equally  prevalent  all  over  the  western  part  of  the  state  where  no  lacus- 
trine clay  is  found. 

11.  These  organic  matters  cannot  come  from  the  drift  clay,  because  they  aie 
found  in  wells  that  do  not  enter  the  drift  clay. 

12.  Any  organic  matter  in  either  of  these  days  would  have  long  since  passed 
through  the  stage  of  decomposition  necessary  for  the  production  of  such  gases,  and 
entered  into  a  carbonaceous  and  fixed  condition. 

13.  The  assumed  cause  .of  these  odors,  whatever  it  be,  must  be  one  that  is  co- 
extensive with  the  effects — ^hence, 

14.  They  cannot  come  from  surface  indrainage,  since  they  oociurin  wells  where 
that  is  impossible. 

15.  They  cannot  come  from  sewerage  or  other  artificial  underground  sources, 
because  they  occur  generally  in  wells  where  such  contamination  is  impossible. 

16.  This  fermentation  of  the  sap  and  pitch  of  the  pine  sometimes  has  the 
effect  of  giving  the  less  alkaline  waters  of  the  valley,  in  its  incipient  stage,  a 
taste  as  of  kerosene,  and  the  appearance  of  small  globules  and  films  of  oily 
consistency  and  spacific  gravity  floating  on  the  surface. 

17.  The  effect  of  this  change  may  be  obviated,  or  mitigated,  by  copious  use 
of  the  wells;  and  it  may  be  wholly  avoided  by  using  earthen  or  iron  pipes,  and 
discarding  the  wooden  curbing. 

18.  Shallow,  open  wells,  dug  in  the  surface  of  the  prairie  and  having  alkaline 
water,  may  become  offensive  in  the  summer,  though  without  curbmg,  by  the 
decay  of  fine  organic  particles  blown  into  them,  or  washed  into  them,  from  the 
rank  vegetation  of  the  piuirie  turf. 
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In  the  progress  of  this  investigation  the  writer  became  impressed 
with  the  sufficiency  of  pine  wood  to  produce  such  odors,  by  a  simple 
test  experiment;  viz: 

Two  quart  glass  jars  were  filled  with  good  well-water,  not  alka- 
line, taken  from  the  same  well.  Into  one  was  put  a  quantity  of  pine 
chips,  but  into  the  other  nothing  was  placed.  They  were  exposed 
to  the  atmosphere  of  the  same  room,  the  glass  stoppers  being  in- 
verted and  loosely  placed  over  the  wide  mouths.  While  the  jar  with 
nothing  but  clean  water  remained  clear  and  inodorous  during  the 
continuance  of  the  trial,  and  indefinitely  thereafter,  the  other  went 
through  the  changes  indicated  by  the  following. 

Becords, 

Dec.  4.  Place  a  quantity  of  seasoned  pine  sticks  in  a  wide-mouthed  glass  jar 
in  common  well  water.  The  jar  stands  on  a  table  in  a  warmed  room,  loosely 
covered  by  the  inverted  glass  stopper.    The  sticks  all  float. 

Dec.  5.  A  portion  of  the  sticks  have  sunk  to  the  bottom  of  the  jar,  and  small 
kibbles  of  some  gas  adhere  to  some  of  them. 

Dec.  6.  Nearly  one  half  of  the  sticks  have  settled  to  the  bottom.  The  jdr 
when  uncovered  smells  strongly  of  fresh  pine.    Gas  bubbles  are  more  numerous. 

Dec.  7.    There  is  no  noteworthy  change. 

Dec.  8.    There  is  no  noteworthy  change,  except  perhaps  a  stronger  pine  odor. 

Dec  9.    The  pine  smeU  is  very  strong,  and  less  fresh. 

Dec.  14.    A  thin  scum  floats  on  the  surfiace.    There  is  an  odor  of  sourness. 

Dec.  19.  The  floating  scum  begins  to  settle,  some  of  it  swimming  in  the 
water. 

Dec.  21.  The  scum  on  the  surface  adheres  to  the  glass,  and  looks  gummy. 
The  odor  is  less  sour,  and  somewhat  otfensive. 

Dec.  25.  The  odor  is  offensive,  and  there  is  a  gelatinous  gum  adherent  on  the 
glass,  and  along  the  water  level. 

Dec.  28.  The  odor  is  strongly  offensive. 
.  Dec.  31.  The  odor  is  very  offensive  and  foul,  aa  from  organic  decay.  There 
is  a  white,  gelatinous  or  gummy  scum,  as  of  fungoid  growth,  adherent  on  the 
glass  about  the  water  level,  and  floating  in  flocks  on  the  surface.  It  sometimes 
appears,  especially  on  disturbance  of  the  jar,  in  globular  masses  of  )^  to  3^  inch 
in  diameter. 

Jan.  1 .  The  microscope  reveals  great  numbers  of  organic  germs,  which  are'  oval 
in  shape  and  appear  to  be  of  the  Ciluita. 

Jan.  10.  A  jelly-like  fungus,  about  a  quarter  of  an  inch  thick,  floats  about  in 
the  water  and  on  the  surface .    The  odor  is  very  offensive. 

May  1.  ITiere  is  a  swimming  ftmgus  which  tends  to  settle  to  the  bottom  of  the 
jar.  The  water  is  slightly  turbid,  and  yellowish-red.  It  has  a  musty  smell,  and 
also  is  plainly  acidulated.  The  microscopic  animals  are  equally  abundant,  and 
of  various  forms. 

In  the  presence  of  such  a  source  of  organic  decay  and  contamina- 
tion found  in  nearly  every  well  in  the  whole  region,  it  is  evidently 
unnecessary,  and  even  absurd,  to  search  for  any  other. 
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Theae  considerations  bring  up  the  whole  question  of  the  preval- 
ence of  typhoid  fever  as  an  endemic  disease  in  western  Minnesota 
and  Iowa,  l)ut  it  is  not  genuane  to  this  report  to  enter  on  its  dis- 
cuseion.  Nothing  luore  can  be  done  here  than  to  call  the  atten- 
tion of  those  interest^sd  iji  the  sanitary  condition  of  the  state  to 
these  facts,  and  to  suggest  that  possibly  the  climate  has  less  to  do 
with  such  diseases  than  has  hK»en  imagined,  and  that  probably  their 
causes  lie  nearer,  and  within  the  grasp  of  ordinary  preventive  meas- 
ures. The  effect  of  the  wiiter  is  not  always  an  immediate  tjrphoid 
fever,  but  an  aggravated  diairhoea,  and  then  dysentery,  which  lead 
finally  to  typhoid  fever  This  is  the  testimony  of  Dr.  J.  C.  Rosser, 
of  Brains rd,  and  also  the  experience  and  observation  of  many  oth-  > 
^ra.  Sometimes  the  fever  ttsaumes  a  local  name.  At  Bismark  it  is 
known  as  the  ''Mtnitana  iever/'  In  Moorhead  it  is  known  as  the 
^'Iled  river  lever/'  but  they  8eem  to  be  all  essentially  typhoid  fever. 
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III. 

RECONNOISANCES. 


1.  Into  Wright  County, 

Information  having  been  received  from  Hon.  William  Pfaender  of 
the  existence  of  some  evidences  of  coal  in  Wright  county,  an  exam- 
ination was  made  of  the  designated  localities.  On  Sec.  33  T.  119 
N.,  R.  25  W.,  land  of  John  Marth  and  Fred  Wanderzee,  along  the 
north  branch  of  Crow  river,  pieces  of  Cretaceous  lignite  have  been 
found  in  considerable  quantities;  also,  along  a  creek.  Sec.  25  T.  119  N., 
R.  26  W.,  on  land  of  Joseph  Plant.  These  are  all  float  pieces,  exactly 
similar  to  what  have  been  found  in  numerous  other  places,  though 
perhaps  more  abundant.  An  examination  was  made  in  company 
with  Mr.  John  Marth,  of  Delano.  The  banks  of  the  streams  are 
composed  entirely  of  drift,  and  largely  of  blue  hardpan.  The  lig- 
nite was  seen  in  the  bed  of  the  creek,  having  been  most  observed  at 
or  near  fording  places,  where  it  was  most  likely  to  be  brought  to 
the  surface  and  seen  by  passing  travelers.  At  no  point  could  any 
Cretaceous  beds  be  seen  in  situ.  Along  the  stream  are  numerous 
pieces  of  slate,  or  fissile  shale,  likewise  derived  from  the  Cretaceous, 
though  here  immediately  from  the  hardpan  drift.  It  is  possible  that 
Cretaceous  beds  would  be  struck  below  the  drift,  in  sinking  a  shaft. 

2,  In  Rice  Connty. 

In  company  with  Prof.  L.  B.  Sperry,  a  number  of  localities  of  rock- 
outcrop  were  visited  in  Rice  county,  for  the  purpose  of  determining 
the  main  characters  and  the  continuity  of  the  Trenton  and  Shako- 
pee.  The  details  of  the  geology  of  this  county  are  given  in  the  re- 
port of  Prof.  Sperry,  and  it  would  be  simply  repetition  to  give  them 
here.  The  most  interesting  observation  made,  was  the  discovery  of 
a  carbonaceous  layer  in  the  Lower  Trenton,  exposed  along  Prairie 
creek,  which  without  previous  drying  will  ignite  from  a  common 
match,  and  bum  with  a  flame. 
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3.  In  Goodhm  County. 

The  examinations  made  in  Goodhue  county  were  in  company 
with  Hon.  H.  B.  Wilson  and  Dr.  W.  W.  Sweny,  and  consisted  of  a 
visit  to  the  quarries  at  Wanamingo,  Zumbrota  and  Red  Wing,  and 
the  collection  of  two  boxes  of  specimens. 

The  eastern  part  of  the  county  is  rolling,  with  frequent  rock  ex- 
posure in  the  brows  of  the  hills,  but  the  chief  covering  of  the  rocks 
is  the  loose  loam  with  a  thickness  of  50  to  75  feet,  sufficient  to  make 
the  ascents  generally  tillable,  while  in  the  western  portion  the  drift 
prevails  so  as  not  only  to  fill  up  the  old  rock-canons,  but  to  convert 
the  surface  into  an  undulating  prairie.  The  drift  gradually  thins 
out  eastward  under  the  loam.  It  seems  to  have  suflfered  extensive 
denudation  by  aqueous  forces,  so  that  what  is  left  of  it  visible  un- 
der the  loam  is  coarse  and  gravely  or  stony.  A  very  large  boulder 
of  red  or  flesh-colored  granite  projects  above  the  surface  of  the  loam 
on  N.  W.  i  of  section  29,  in  Belle  Creek.  It  lies  on  high  land,  and 
is  conspicuous  from  a  distance.  It  rises  about  nine  feet  above  the 
ground,  and  has  a  circumference  of  26  paces.  It  belongs,  of  course, 
to  the  old  drift  epoch,  and  not  to  the  last,  as  it  is  embraced  in  and 
partly  covered  by  the  loam,  the  loam  not  having  covered  generally 
the  newer  drift  in  that  part  of  the  state.  It  is  evident  that  the  de- 
nudation to  which  the  old  drift-surface  was  subjected,  produced  the 
material  for  fine  clays  which  gathered  in  quiet  spots,  since  under  the 
loam,  in  old  canon-valleys,  and  also  in  some  places  less  protected, 
there  are  extensive  laminated  clays.  The  Red  Wing  pottery-clay 
comes  from  below  the  loam,  on  Sec.  3,  Goodhue,  Goodhue  county, 
and  has  a  light  gray,  bluish  color.  The  whole  excavation  was  un- 
fortunately covered  by  water,  and  nothing  could  be  learned  of  the 
relation  it  bears  to  the  drift  or  the  loam.  The  Terra  Gotta  clay,  of 
Red  Wing,  is  the  blue  interior  of  the  terrace  that  accompanies  Hay 
Creek.  It  is  in  horizontal  laminations,  and  upwardly  passes  grad- 
ually into  the  loam.  Between  the  two  drift  periods  it  seems  that 
the  country  had  a  forest  covering,  since  in  Goodhue  county,  no  less 
than  in  Fillmore  and  Olmsted,  there  are  abundant  remains  of  tim- 
ber and  of  the  old  soils.  On  Sec.  2,  Wanamingo,  on  the  high  prai- 
rie, land  of  Wm.  Boulett,  a  log  of  what  appeared  to  be  hemlock,  or 
coarse  pine,  was  found  in  digging  a  well,  at  the  depth  of  26  feet  be- 
low the  surface.  This  was  embraced  in  a  "  bluish-blackish  "  clay, 
apparently  a  soil,  and  was  five  or  six  inches  in  diameter.  It  was 
covered  with  a  hard,  gravely,  yellowish  clay  and  by  the  loam  that 
covers  that  part  of  the  county.  Also  on  Sec.  5,  Belvidere,  land  of 
John  Holtz,  in  the  valley  of  the  creek,  was  found  wood  twenty  feet 


Digitized  by 


Google 


STATE  geologist:  45 

under  the  surface,  in  the  gravely  blue  clay,  or  under  it.  On  Sec. 
24,  Chester,  Wabasha  county,  a  log  a  foot  in  diameter  was  found  in 
digging  a  well,  upon  the  high  prairie,  said  to  be  about  twenty  feet 
below  the  surface.  This  log  was  well  preserved  and  could  be  chop- 
ped.   It  lay  on  the  groumd  near  the  well  for  some  years. 

At  Wanamingo  the  Lower  Trenton  is  quarried  in  a  low  bench 
along  the  Zumbro.  This  bench  rises  higher  and  higher  above  the 
Zumbro  in  descending  the  stream,  and  finally  the  St.  Peter  sand  rock 
appears,  and  then  the  Shakopee  limestone,  which,  at  Zumbrota, 
supports  the  south  end  of  the  bridge  over  the  river,  rising  about  25 
feet  above  low  water.  The  stone  for  the' abutments  and  foundation 
for  the  Forest  Mills  was  taken  out  of  this  rock  near  the  mills;  but 
the  stone  for  the  bridge  at  Zumbrota  came  from  the  Trenton  in 
higher  land  near  Zumbrota.  The  Forest  Mills  are  about  two  miles 
below  Zumbrota.  The  Shakopee  here  causes  a  terrace-flat  on  which 
is  situated  Zumbrota  village,  but  there  is  a  covering  of  drift-gravel 
and  loam. 

A  few  aneroids  were  taken  at  Red  Wing,  and  a  general  section 
was  obtained  of  Bam-  Bluff.  The  top  of  the  bluff  is  covered  with 
loam,  which  also  hides  the  rocks  from  sight  down  a  sloping  descent 
of  about  70  feet.  If  this  be  regarded  as  containing  limestone  the 
thickness  of  the  limestone  will  amount  to  120  feet.  From  the  top 
of  this  there  may  have  been  destroyed  several  feet  of  limerock. 
The  general  section  then  consists  as  follows,  in  descending  order: 

1.  Slope  and  limerock 120  feet. 

2.  Sand  and  green-sand,  and  limerock, 40  feet. 

3.  Massive  sand,  the  upper  portion  being  white,  the  lower  por- 

tion yeUow.    Fromthis  the  glass  sand  is  taken 50  feet. 

4.  Sand  and  green-sand,  with  cement  of  lime  and  magne- 

sia, with  distinctly  alimunous  portions.     To  the  flood 

plain 80  feet. 

Bam  and  Soren  bluflBs  dip  toward  the  east  a  few  degrees.  There 
are  extensive  quarries  in  these  bluffs,  that  furnish  a  fine  building 
material.  The  stone  now  being  used  in  the  bridge  over  the  east 
channel  of  the  Mississippi  at  Minneapolis  is  from  the  quarries  of 
Mr.  Carlson  in  these  bluffii. 

4,  On  (he  Northern  Pacific  Railroad, 

The  details  of  this  reconnoisance,  so  far  as  they  relate'  to  the 
water  supply  for  domestic  uses,  are  given  in  the  chapter  devoted  to 
Water*supply  of  the  Red  river  Valley.  The  only  rock  exposure 
along  the  line  of  the  Northern  Pacific  R.  R.  after  leaving  the  neigh- 
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borhood  of  the  Junction  with  the  St.  Paul  and  Duluth  R.  R.,  within 
the  State,  occurs  in  the  vicinity  of  Motley.  This  is  a  range  of 
granite,  about  four  miles  north  of  the  station,  on  sections  21,  22, 
27  and  28,  extending  north  and  south.  It  widens  out  toward  the 
north  before  disappearing  under  the  drift.  Its  extent  is  about  a  i 
mile  across  from  north  to  south.  The  country  round  about  for 
miles  is  nearly  level,  and  covered  with  Pinus  Banksiana,  Lam. 
It  escaped  the  observation  of  the  land  surveyors  of  the  N.  P.  Com- 
pany, and  the  land  was  entered  and  described  as  having  "  no  stone." 
There  are  here  hills  and  ridges  that  rise  fifty  or  seventy  feet  above 
the  surrounding  country,  and  in  some  of  them  the  rock  is  bare.  It 
cannot  be  said  with  certainty  that  this  rock  exists  in  all  these  hills 
and  ridges,  but  it  probably  does.  There  are  but  few  spots  where 
any  drift  boulders  can  be  seen,  the  country — even  these  hills — be- 
ing covered  with  sand  or  sandy  loam.  The  surface  of  the  rock  is 
old.  It  does  not  show  recent  glaciation,  the  appearance  it  presents 
being  rather  that  that  would  be  attributed  to  aqueous  forces.  The 
surface  is,  in  general  contour,  tnoutonne-ed^  but  not  so  markedly  as 
the  knobs  and  hills  of  Marquette  and  Duluth.  Since  this  glaciation 
it  is  evident  that  water  has  covered  this  rock  for  a  long  period — 
water  probably  which  spread  the  fine  sand  over  so  wide  a  belt,  ex- 
tending almost  uninterruptedly  from  near  Thompson  to  this  place. 
The  rock  rises  in  undulating  sheeps-backs,  and  in  the  intervals  is 
covered  with  sand  and  turf.  It  consists,  taken  all  together,  of  at 
least  three  different^qualities,  viz:  First,  a  gray  syenite  (?)  which 
has  a  greenish  mineral  like  serpentine  and  also  both  white  and  flesh 
colored  pieces  of  feldspar,  rather  fine  grained.  Second,  a  dark,  dio- 
rytic,  trappean  rock  that  occurs  in  apparent,  wide  dykes  in  the 
granite.  ■  This  varies  from  a  petrosilex,  (or  what  may  be  taken  pro- 
visionally for  that  rock)  to  a  real  dioryte.  Third,  a  serpentinous  gran- 
ite, i.  e.  a  granite  (with  white  feldspar)  that  contains  a  green  min- 
eral undistinguishable  from  the  green  mineral  of  No.  1,  with  evi- 
dent lumps  of  mica.  These  three  kinds  may  not  be  the  only  varia- 
tions that  thejrockjwill  on  quarrying  exhibit,  but  they  are  the  only 
noteworthy  ones  observed.  They  are  all  rather  fine-grained.  The 
green  mineral  of  No.  1,  is  sometimes  more  abundant  in  streaks  or 
veins,  even  two  inches  wide,  than  throughout  the  rock,  giving  the 
rock  a  striped  aspect,  often  two  or  three  thin  veins  coming  vrithin 
a  foot.  This  rockjwas  discovered  and  purchased  of  the  N.  P.  R.  R. 
by  Mr.  C.  H.  Alsop,  who  is  beginning  to  open  it  for  sale.  Being  in 
the  midst  of  a  countryjdestitute  of  known  rock,  especially  of  gran- 
ite, this  locality  has  much  importance.  It  will  furnish  a  building 
material  of  the^most  durable  kind,  and  possessing  all  the  excellen- 
cies of  the  granite  of  St.  Cloud  or  Sauk  Rapids. 
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From  Brainerd  to  Motley  the  country  is  about  the  same  as  at 
Brainerd,  i.  e.,  a  sandy  plain.  The  timber  consists  largely  of  Bank's 
pine.  Wadena  and  Perham  are  on  prairie  openings.  At  the  latter 
place  the  subsoil  is  a  gravel-and-sand  to  the  depth  of  at  least  15  or 
20  feet,  as  revealed  by  wells  that  get  good  water  at  that  depth. 
This  gravel-and-sand  is  like  that  on  which  Minneapolis  stands,  but 
is  not  overlain  by  so  distinct  a  loess  loam.  The  loam  here  is  only 
soil-deep,  and  also  contains  occasional  little  pebbles,  the  same  as 
found  in  the  gravel  below,  shovnng  that  the  loam  is  only  a  soil 
formed  from  the  sand  and  gravel  of  the  subsoil.  This  subsoil  of 
gravel-and-sand  continues  westwardly,  through  and  beyond  the  prai- 
rie on  which  Perham  stands,  and  into  a  sparsely  timbered  and  un- 
dulating country,  even  beyond  Frazzee  City.  It  is  noticeably  free 
from  boulders^  and  consists  only  of  gravel  and  sand.  On  approach- 
ing the  Leaf  Hills  the  gravel  and  sand  becomes  gradually  coarser, 
with  occasional  stones,  the  general  surface  also  becoming  more 
broken.  Further  on  the  gray  hard-pan,  very  stony,  comes  in,  at 
first  gradually  as  if  the  gravel  and  sand  were  horizontally  merged 
into  it  by  the  accession  of  clay  and  larger  stones,  but  finally  so  as 
to  comprise  the  mass  of  drift,  as  seen  in  the  cuts  by  the  grade  of  the 
road.  The  hills  are  composed  of  this  hardpan.  At  Detroit  the 
surface  is  undulating  and  somewhat  rolling,  but  mostly  a  prairie, 
being  fairly  on  the  west  side  of  the  Leaf  Hills.  There  is  a  little 
timber  west  of  Detroit,  but  the  prairie  sets  in  vnthin  a  couple  of 
miles,  and  continues  to  Moorhead.  The  subsoil  at  Detroit  is  the 
same  as  at  Perham,  a  gravel  and  sand,  the  surface-soil  being  a  loam, 
derived  locally  from  the  subsoil  by  disintegration  and  the  action  of 
vegetation.  The  roads  are  always  dry;  the  wells  go  into  gravel  for 
water  at  the  depth  of  25  or  30  feet,  the  supply  being  good — ^limy  or 
chalybeate — and  copious. 

Above  Brainerd  about  five  miles,  are  the  French  Rapids,  in  the 
Mississippi  river.  Their  immediate  cause  is  a  quantity  of  drift 
boulders,  which  lie  mostly  along  the  left  shore,  though  they  are  also 
of  course  throughout  the  bed  of  the  channel;  but  their  original 
cause  is  probably  the  nearer  approach  of  the  bed-rock  toward  the 
surface  of  the  drift.  A  short  distance  above  these  rapids,  on  the  left 
bank  is  a  high  drift  blufiF  composed  largely  of  clay,  but  containing 
numerous  stones  and  boulders.  Below  the  rapids  the  river  runs 
along  the  left  side  of  an  alluvial,  timbered  island.  The  fall  in  the 
lapids  is  ^bout  three  feet.  No  bed-rock. can  be  seen.  There  are 
a  few  boulders  also  along  the  right  bank  just  above  the  head  of  the 
rapids.  The  bottoms  are  covered  vnth  deciduous  trees,  but  the  up- 
land mainly  with  Banks'  pine,  with  some  white  and  Norway  pine. 
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East  of  Brainerd  the  country  is  mainly  one  of  plains,  which  are 
superficially  sandy,  but  they  must  be  closely  underlain  by  a  clay 
deposit,  since  they  often  become  wet,  when  large  swamps  are  caused 
by  the  contained  water.  There  are  also  numerous  ridges  of  hard- 
pan-clay  soil  and  subsoil,  in  which  a  diflferent  outward  appearance 
is  very  marked.  The  trees  become  larger,  and  consist  of  a  greater 
proportion  of  deciduous  species,  while  the  Banks^  pine  entirely  or 
almost  wholly  disappears,  and  the  Norway  and  white  pines  prevail. 
Toward  the  Junction  the  hardpan  clay  comes  in  in  full  force  and 
continues  to  Duluth,  except  when  overlain  by  the  red  laminated 
lacustrine  clay  of  Lake  Superior. 

At  the  Northern  Pacific  Junction,  prominent  and  bare  ridges  of 
slate,  four  to  six  in  number,  rise  about  25  to  40  feet.  They  run 
nearly  E.  &  W.,  or  by  compass  north  80  degrees  east,  varying  to 
north  75  degrees  east.  The  slaty  cleavage  runs  nearly  parallel  with 
the  direction  of  the  ridges,  or  north  85  degrees  east.  In  approach- 
ing from  the  west,  along  the  N.  P.  R.  R.  this  slate  becomes  percep- 
tible a  short  distance  before  reaching  Komoko;  and,  by  the  topo- 
graphy and  changed  drift,  rock  is  evinced  for  several  miles  even  be- 
fore reaching  that  place.  These  ridges  run  through  Komoko  and 
the  N.  P.  Junction,  and  at  least  to  Thompson,  where  they  have 
been  wrought,  the  slate  quarries  being  about  two  miles  from  the 
railroad  in  Sec.  29,  T.  49  N.,  R.  16  W.  They  are  not  continuous, 
nor  uniform  in  height  nor  in  length.  They  rise,  and  sink  again 
below  the  surface,  with  an  irregular  alternation.  Sometimes  a  sec- 
tion across  the  range  would  show  only  three  or  four  series  and  some- 
times there  might  be  six.  Often  the  iiftervals  in  one  series  are  op- 
posite the  ridges  in  the  adjoining  one.  The  rock  itself  varies  from 
an  argillyte  suitable  for  roofing,  to  a  very  dark,  or  gray  quartzyte 
that  shows  less  slaty  cleavage,  yet  must  probably  be  taken  as  a  part 
of  the  same  slate  group.  The  rock  of  this  latter  kind  seems  to  be 
found  in  some  of  the  ridges  exclusively,  while  the  argillyte  prevails 
in  others.  Outwardly  they  have  about  the  same  appearance,  as 
they  lie  in  long  parallel,  undulating  ridges,  and  perhaps  they  should 
not  be  so  prominently  distinguished  as  this  description  implies. 
These  ridges  are  moutone-ed,  but  there  are  no  scratches  or  other 
marks  showing  the  direction  of  any  glacial  actiott.  They  have  three 
systems  of  jointage  planes  crossing  each  other  at  various  angles,  so 
that  the  rock  itself  is  cut  into  large  angular  blocks  to  great  depths, 
which  not  only  facilitates  the  quarrying  of  the  slate,  but  the  natur- 
al disintegration  of  the  ridges  by  frost.  The  adjoined  sketch  shows 
a  ground  plat  of  one  of  the  ridges,  with  the  different  systems  of 
joints: 
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Ground  plat  of  a  slate  ridge  at  Junotion. 

Explanation  of  Figure  2. 

1. 1.    Slaty  deavage,  nearly  perpendicular,  ninft  north,  85**  east. 

2.  2.  Joints  that  cut  the  slaty  deavage  at  right  angles,  but  8loi)e  west  at  an 
angle  of  about  ten  degrees  from  a  perpendicular.  They  are  sometimes  so  numerous 
as  to  number  four  or  five  in  the  interval  of  a  foot. 

3. 8.  Joints  (or  bedding)  which  run  parallel  with  the  ridges,  but  sloi)e  south 
at  an  angle  of  about  45''  with  the  horizon.  The  southern  slopes  of  the  ridges  are 
formed  by  the  splitting  off  of  the  layers,  while  the  northern  dopes  are  apparently 
caused  by  the  breaking  off,  by  an  irregular  and  shifting  fracture  of  tiie  same 
layers,  and  have  an  angle  about  the  same  as  the  southern  dopes,  but  in  the  opposite 
dir8cti(m. 

4. 4.  Less  distinct  oblique  joints  that  do  not  seem  to  be  as  numerous  as  the 
foregoing,  but  which,  on  the  quarrying  of  the  rock,  are  seen  to  penetrate  to  as 
great  depth.  These  aid  in  causing  the  superficial  partmg  of  the  rock  into 
rhomboidal  and  angular  masses.  They  slope  N.  W.  at  an  angle  of  about  25** 
from  a  perpendicular. 

The  horizontal  extent  east  and  west  is  about  six  rods. 

Figure  3  is  a  perpendicular  section  running  north  and  south  across 
these  ridges,  showing  the  direction  of  the  slaty  cleavage  and  of 
joints  3. 3.  of  Fig.  2. 

This  slate  appears  to  be  the  same  as  seen  at  Little  Falls,  on  the 
Mississippi  below  Brainerd,  but  it  here  shows  none  of  the  concre- 
tionary homblend,  or  dioryte  rock,  and,  taken  all  together,  is  some- 
what finer  grained,  not  showing  an  evidently  micaceous  composition. 

Fio.  8. 


Section  across  the  slate  ranges  at  Junction. 
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THE  GEOLOGY  OF  MORRISON  COUNTY. 


Thia  reconnaissance  was  made  in  company  with  Mr.  N.  Herrick, 
of  Minneapolis,  The  first  observations  were  made  at  Pike  Rapids, 
which  are  at  the  mouth  of  Swan  river,  but  are  in  the  MississippL 
They  are  m  named  Jrom  Lieut.  Z.  M.  Pike  who  built  a  stockade  and 
wintered  with  his  men  here  in  1805-6.  They  are  caused  by  a  mica 
schist  rock  whit  h  rises  in  some  spots  about  six  feet  above  the  water 
at  low  stage,  hut  lies  mainly  in  the  river  channel.  The  only  out- 
crop on  the  shore  seen  heing  in  the  left  bank.  The  schist  is  filled 
with  small  crystals  of  garnet  and  coarse  crystals  of  staurolite.  Be- 
sides these  clumps  ol^  schist  rock  rising  in  the  channel  of  the  river, 
there  is  an  abtindance  of  boulders  of  all  kinds,  both  in  the  river  and 
on  the  shore,  the  banks  rising  about  30  feet  and  consisting  of  coarse 
materiaL  The  roek  itself  seems  to  dip,  at  least  it  has  a  laminated 
structure  which  dips,  toward  the  northwest  at  an  angle  of  about  45 
deg- 

At  Little  Falls  the  rock  that  occurs  in  the  river  is  a  roofing  slate 
siinilar  to  that  at  Thomson,  but  varies  &om  a  mica  schist  to  an 
argillyte,  with  some  veins  of  white  opaque  quartz.  The  rock  in 
some  places  also  Taries  to  a  massive,  compact  hard  rock  vrith  sharp 
jointage  angles,  whcli,  when  broken,  has  nearly  the  color  and  texture 
of  the  staurolite  crystals,  if  fractured,  found  in  the  rock  at  Pike 
Kapids,  but  seems  to  be  more  nearly  a  dark  quartzyte.  Besides 
these  variations  there  are  nearly  continuous  layers  of  more  or  less 
lenticular  and  concretionary  lumps  or  nodules,  sometimes  six  or 
eight  inches  thick,  of  a  rock  very  firm  and  dark-colored,  but  which. 
on  weathering  l>ecames  superficially  lighter-colored  and  shows 
needles  and  span  gles  of  dark-green  amphibole.  The  matrix  in  which. 
these  crystals  lie  is  not  well  characterized,  but  is  quartzytic  and 
perhaps  also  leldspathic,  but  is  dark-colored,  so  that  on  a  firesib 
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fracture  the  amphibole  crystals  are  hardly  observable.  They  appear 
on  the  weathering  of  the  rock.  By  far  the  greater  part  of  the 
whole  is  a  micaceous  argillyte,  with  slaty  cleavage  nearly  perpendic- 
ular, or  sloping  a  ve>y  little  toward  the  N.  W.  (N.  18  deg.  W.),  the 
strike  being  N.  18  deg.  E.  There  is  also  a  system  of  joints  that 
gives  the  rock,  viewed  across  the  river,  the  appearance  of  being  con- 
spicuously stratified,  with  a  dip  up  the  river  of  about  45  deg.  from 
the  horizon.  The  slatiness,  which  is  nearly  perpendicular,  is  some- 
what injured,  at  least  superficially,  by  the  frequency  of  joints,  of  which 
there  are  at  least  two  systems  intersecting  each  other  at  a  small 
angle,  thus  cutting  the  slates  into  rhomboidal  masses,  as  they  weather 
to  pieces.  The  following  diagram  (Figure  4)  is  designed  to  show  the 
relation  between  the  slates  and  ^he  three  systems  of  joints  mentioned. 
The  general  exposure  is  an  irregular  expanse  in  the  river  channel, 
and  bottom  land,  but  does  not  rise  in  ridges  or  knobs,  though 
the  occurrence  of  a  dyke  of  dark  trap,  and  the  massive  quartzytic 
rock,  seem  to  have  been  the  primary  cause  of  this  protrusion  upward 
of  the  underlying  formation  which  is  generally  more  deeply  buried 
under  the  drift.  This  is  known  to  extend  under  Little  Falls  village, 
being  encountered  in  wells  and  cellars. 

FIO.  4. 


Jointage  of  the  slate  at  Little  Falls. 

A  little  distance  further  down  the  river,  yet  scarcely  outside  the 
limits  of  the  village,  rock  is  exposed  on  "  the  point,"  and  consists,  in 
general,  of  a  hard,  dark-colored  dioryte,  containing  mainly  amphibole 
in  coarse  crystals,  and  a  little  feldspar  (labradorite?).  The  outward 
characters  of  this  rock  are  the  same  as  the  concretionary  lumps  that 
exist  in  the  slate  already  described.  It  is  here  simply  in  larger  area 
and  bulk.  It  is  parted  by  joints  that  cause  it  to  fall  to  pieces  in 
slabs  and  cuboidal  masses.  This  may  he  here  in  the  form  of  a  dyke, 
but  its  relation  to  the  slate  cannot  be  seen.  The  point  which  is 
formed  by  it  is  considerably  higher  than  the  bottom  land  on  either 
side,  but  falls  away  somewhat  on  receding  from  the  river,  the  rock 
itself  becoming  lost  to  view  in  the  swampy  bottoms,  or  involved 
vnth  the  drift  of  the  river-bluffs.  On  long-weathered  surfaces,  under 
the  action  of  the  water,  there  is  a  ridged  and  furrowed  form  that 
shows  the  same  direction  and  trend  as  the  slatiness  of  the  slate,  L  e. 
N.  18  deg.  E.    These  ridges  are  about  i  inch  apart,  and  about  i  or 
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i  inch  high,  separated  by  intervening  furrows.  This  surface  con- 
figuration is  apparently  due  to  the  alternate  arrangement  of  the 
mineral  contents,  and  perhaps  has  its  origin  in  a  metamorphosed 
condition  of  the  slate  itself,  or  of  the  sedimentary  rocks  from  which 
they  both  may  have  been  derived.  Thus  this  could  not  be  of  the 
nature  of  an  igneous  dyke,  but  a  metamorphic  variation  due  to  the 
complex  nature  of  the  original  sediments.  This  view  is  strengthened 
by  the  occurrence  of  a  similar  diorytic  rock,  in  concretionary  masses, 
in  the  slate  itself,  running  in  more  or  less  regular  layers  or  lines. 
This  alternation  of  mineral  contents  does  not  pervade  the  whole  of 
rock  exposed  on  "the  point,"  but  it  is  a  conspicuous  feature  in  some 
places.  The] ridges  are  composed  of  the  lighter  colored  minerals, 
and  the  furrows  of  the  amphibole.  The  adjoining  figure  (Fig.  5.) 
illustrates  the  alternation  of  these  ridges  and  furrows. 


Arrangement  of  Mineral  Contents  at  Little  Falls. 

Explanation  of  Figure  5. 

1 .  Bands  of  dioryte. 

2.  Altematmg  bands  of  amphibole  and  feldspar. 

8.    Furrow  mainly  occupied  by  a  band  of  amphibole. 
4.    Feldspar  band. 

Opposite  the  village  of  Little  Falls  a  trap  dyke  of  basic  doleryte, 
apparently  about  10  feet  vride,  appears  in  the  slate,  going  diagonally 
across  the  slate;  and  on  the  south  side  of  the  dyke,  in  the  lee  of  its 
protection  against  the  current  of  the  river,  as  well  as  against,  possibly, 
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the  ice  of  the  ice-period,  the  slate  (or  schist)  is  decomposed  to  the 
depth  of  four  or  five  feet  at  least,  making  a  •greenish-blue  clay,  or 
incipient  kaolin. 

The  slate  at  Little  Rapids  is  visible,  along  one  or  both  sides  of 
the  river,  as  far  up  as  the  ferry,  perhaps  three-quarters  of  a  mile 
above  the  village. 

On  the  N.  E.  i  Sec.  13,  (R.  R.  land),  Little  Falls  town,  on  the  west 
side  of  the  river,  is  an  area  of  dark  granite,  rising  in  smooth  knolls 
a  few  feet  above  the  surrounding  country,  which  is  flat  and  rather 
wet,  though  sandy,  and  in  fact  is  an  eastward  continuation  of  the 
flat  of  the  west  bank  of  the  river  at  Little  Falls.  This  rock  is  not 
m  all  places  a  true  granite,  but  varies  to  a  dark,  apparently  trappean 
rock,  which  is  an  amygdaloidal  melaphyre"*",  containing,  however,  a 
light-green  mineral  like  serpentine.  There  are  also  variations  to  a 
non-amygdaloidal  melaph3rre  with  scattering  mica-scales. 

At  the  mouth  of  the  Little  Elk  river,  two  and  a  half  miles  above 
Little  Falls,  the  slate  seen  at  Little  Falls  again  appears,  but  here  the 
direction  of  the  slatiness  is  N.  30  deg.  or  35  deg.  instead  18  deg. 
east.  The  creek  runs  across  it  and  cuts  into  it.  The  dam  is  made 
between  the  rock  bluf&  on  either  side.  The  slate  is  known  to  extend 
up  the  Little  Elk  only  about  half  a  mile. 

N.  E.  i  section  26,  Belle  Prairie.  Here  is  an  outcrop  of  granite. 
It  rises  not  more  than  eight  or  ten  f^t  above  the  general  surface, 
which  is  nearly  level.  It  is  rounded  over  but  is  not  striated.  Its  color 
is  sometimes  pink  and  sometimes  gray.  It  is  rather  massive  than 
schistose.  Its  area  probably  extends  over  on  the  next  section  north. 
Similar  rock  occurs  again  about  two  and  a  half  miles  northeast  of 
this  place  on  section  18,  in  the  next  town  east. 


PRIMITIVE  MAN  AT  LITTLE  FALLS. 


(1).  The  Stone  Cutters. 

During  the  examination  of  Pike  Rapids  some  search  was  made  for 

Pike's  winter  stockade.    Near  the  principal  exposure  of  the  bed-rock, 

along  the  east  bank,  abreast  of  a  small  island  scantly  turfed  over, 

there  is  a  blind  excavation  in  the  river-bank  which  consists  of  loose 

*Tbi8  tenn  is  used  here  in  the  indefinite  sense  preferred  by  Bemhard  Yon  Gotta. 
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sand  and  fine  gravel,  that  has  the  appearance  of  having  been  artifi- 
cial, but  no  old  timbers  could  be  found  in  the  vicinity.  Paris  Roy, 
a  half-breed  living  at  Little  Falls,  says  he  remembers  hearing  his 
uncle,  a  trader  for  the  American  Fur  Company,  named  Charles  La 
Rose,  stationed  seven  or  eight  miles  above  Little  Falls,  at  that  time, 
relate  the  fact  of  Pike's  stopping  here  and  describe  the  place  as  on 
the  east  bank,  and  below  the  rapids.  This  excavation  is  really  be- 
low the  main  rapids,  though  there  is  half  a  mile  of  rapid  water  be- 
low it,  caused  by  boulders,  without  exposure  of  the  bed-rock. 

About  this  excavation,  which  may  or  may  not  have  been  the  site 
of  Pike's  stockade,  are  pieces  of  chipped  white  quartz,  which  fix)m 
their  sharpness,  and  their  color,  indicate  an  artificial  origin,  and  at- 
tract the  eye  of  the  visitor.  It  was  only  after  a  handful  had  been 
gathered,  that  at  last  an  imperfect  arrow-head  was  foiind.  These 
chips,  at  this  point,  were  found  only  over  a  small  area,  indeed  they 
were  not  looked  for  at  other  points  up  or  down  the  river,  nor  at  any 
depth  below  the  surface.  This  quartz,  which  is  white  and  opaque, 
was  evidently  taken  &om  some  vein  in  the  slate  in  this  neighborhood, 
for  the  slate  at  Little  Falls  has  several  veins  of  that  kind  of  quartz. 

Subsequently  however,  these  chips  were  found  to  extend  over  a 
larger  area,  and  to  be  incorporated  with  the  materials  of  the  river 
banks.  Further  examination  at  Little  Falls  disclosed  this  interest- 
ing discovery.  They  are  found,  not  only  on  the  surface  of  the  flat 
on  which  Little  Falls  village  stands,  especially  near  the  river,  but 
on  excavating  the  bank  near  the  river,  making  a  perpendicular  section, 
they  are  found  to  extend  downward  three  or  four  feet  into  the  sand  and 
gravel.  A  person  in  digging  half  an  hour  might  find  twenty-five 
or  thirty.  The  material  in  which  they  occur  is  a  homogeneous 
sand,  passing  downward  gradually  into  a  coarse  sand  and  finally  in- 
to a  gravel.  This  flat  along  the  river  on  the  margin  of  which  they 
are  found,  is-  about  twenty-seven  feet  above  the  river,  and  is  now 
never  covered  by  it.  The  bank  itself  may  be  divided  into  three 
parts,  as  follows,  in  descending  order: 

1.  Loam  sand,  gravelly  below. 

2.  Gravel,  becoming  stony  below. 

3.  Hardpan-driffc,  containing^  boulders. 

The  plain  on  which  Little  Falls  stands,  is  about  a  mile  wide,  and 
extends  along  the  river,  as  an  abandoned  ancient  flood-plain,  south- 
ward, and  becomes  that  on  which  East  Minneapolis  is  situated. 
Toward  the  south  its  average  width  remains  about  the  same  as  at 
Little  Falls — perhaps  becomes  less — but  toward  the  north  it  increas- 
es in  width,  and  at  the  same  time  rises  above  the  river,  and  finally 
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comes  apparently  to  constitute  the  entire  country  about.  Brainerd 
(with  the  sandy  country  east  of  it)  is  on  such  a  plain;  towards  the 
west  a  sandy  plain  of  the  same  nature,  and  the  same  level  ex- 
tends much  farther,  though,  opposite  Little  Falls,  it  is  occupied 
to  a  large  extent  with  wet  land  and  often  by  tamarack  swamps. 
On  either  side  of  the  river,  outside  of  this  plain,  is  a  line  of 
drift  blufis  which  have  a  rolling  contour  and  rise  from  50  to 
to  75  feet  higher,  constituting  a  greatly  different  character  of 
country,  and  occupying  the  general  level  for  an  indefinite  distance 
east  and  west  from  the  river.  Northward  from  Little  Falls,  while 
the  included  plain  becomes  wider,  and  covered  with  a  coarser  sand, 
these  bluffe  gradually  become  lower.  It  seems  as  if  the  plain  slowly 
rises  to  the  level  of  these  drift-blu£&,  and  the  blufi^  themselves  then 
are  lost  to  view,  or  are  so  broken,  and  involved  with  other  drift 
knolls  and  ridges,  that  they  seem  to  have  no  relation  to  the  river 
itself.  In  traveling  by  the  new  railroad,  lately  constructed  between 
Brainerd  and  St.  Cloud,  this  change  is  observable.  The  road  itself, 
at  least  between  Little  Falls  and  Brainerd,  runs  throughout  on  this 
plain.  In  reverse  order  the  depth  of  the  river  below  this  plain  in- 
creases in  going  northward.  At  East  Minneapolis  it  is  from  25  to 
30  feet  above  low  water;  at  Shingle  creek  it  is  about  37  feet;  at 
Champlin  it  is  43  feet;  at  Dajrfcon  45  feet;  at  St.  Cloud  58  feet;  at 
Brainerd  about  60  feet.  No  measurements  have  been  taken  above 
Brainerd.  Along  the  river  at  a  lower  level  is  another  flat,  or  bot- 
tom-land, which  is  the  present  flood-plain.  The  hardpan  drift 
which  prevails  in  the  bluffs  on  the  east  side  of  the  river,  and  which 
underlies  the  sandy  plain  above  described,  seems  to  be  of  the  old 
drift  epoch  (see  report  on  Hennepin  county  for  1876),  and  lies  on 
the  slate  at  the  Falls.  The  adjoining  diagram  (Fig.  6)  represents  a 
section  across  the  Missississippi  valley  at  Little  Falls: 

Fig.  6. 
Section  across  the  Mississippi  valley  at  Little  Falls, 

Explanation  of  Figure  6. 

1.  Hardpan  drift,  on  the  east  side  covered  with  a  fine  clayey  loam. 

2.  Gravel  and  sand. 

3.  Sand,  loamy  above  and  gravelly  below ;  60  feet  above  the  river  at  low  water. 

4.  Trap  dyke. 

5.  Slate  rock. 
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The  quartz  chips  occur  in  No.  3,  and  abundantly  on  the  flst 
(somewhat  lower  than  the  average  here)  directly  opposite  Little 
Falls,  in  the  neighborhood  of  the  trap  dyke.  They  extend  up  and 
down  the  river  also  an  unknown  distance.  They  were  found  at  the 
mouth  of  the  Little  Elk,  two  and  a  half  miles  abdve  Little  Falls. 
The  belt  on  the  west  side  which  seems  to  afford  them  is  about  40  or 
60  rods  wide,  but  something  less  than  i  mile  on  the  east  side.  On 
the  west  side  they  appear  in  the  soil  when  large  trees  tear  it  up. 

These  chips  are  all  angular,  some  of  them  being  as  sharp  as  knives, 
and  perfectly  unwaterwom,  and  they  occur  in  a  waterwom  deposit 
They  vary  in  thickness  from  that  of  paper,  and  the  size  of  one's 
fingernail,  to  one  and  two  inches  across,  of  irregular,  angular  forms. 
Almost  no  other  coarse  material  is  found  in  the  surfEice  sand  in 
which  they  are  found;  and  whatever  there  is,  is  waterwom  and 
rounded.  The  chips  are  generally  without  evidence  of  designed 
form,  and  nearly  all  the  angular  pieces  are  also  destitute  of  all  evi- 
dences of  artificial  shaping,  so  far  as  their  forms  are  concerned. 
Only  a  few  pieces  were  found  that  seemed  to  show  the  work  of  careful 
chipping,  and  they  are  not  perfect.  The  most  certainly  chipped 
form  found  was  taken  at  Little  Elk  river,  but  was  of  brown  chert. 
Some  of  these  chips  are  represented  on  Plate  I. 

The  interest  that  centers  in  these  chips,  and  which  alone  would 
warrant  this  extended  account  of  them,  involves  the  question  of 
the  age  of  man  and  his  work  in  the  Mississippi  valley.  When  they 
were  first  observed  they  were  taken  to  be  of  much  later  date  than 
they  seem  to  be,  indeed  they  were  associated  with  the  builders  of 
the  mounds  and  ridges  that  are  seen  at  Little  Falls  and  many  other 
places  in  Minnesota,  attributable  to  a  race  known  as  the  Mound- 
Builders,  who  preceded  the  present  Indian  races.  But  these  mounds 
and  ridges  at  Little  Falls  are  built  of  the  very  sand,  and  are  situated 
on  the  very  same  plain  in  which  these  chips  occur.  In  other  words, 
the  Mound-Builders  dwelt  at  Little  Falls  since  the  spreading  of  the 
material  of  the  plain:  hence  they  are  post-glacial.  The  chipping 
race,  if  these  chips  are  of  human  origin,  preceded  the  spreading  of 
the  material  of  the  plain,  and  must  have  been  pre-glaciiJ;  since  the 
plain  was  spread  out  by  that  fiood-stage  of  the  Mississippi  liver 
that  existed  during  the  prevalence  of  the  ice  period,  or  resulted  from 
the  dissolution  of  the  glacial  winter.  The  fortunate  juxtaposition 
of  these  two  classes  of  human  remains  enables  us  to  establish  tins 
important  general  truth.  The  wonderful  abundance  of  these  chips 
indicates  either  an  astonishing  amount  of  work  done,  as  if  there' had 
been  a  grand  manufactory  in  the  neighborhood,  or  an  enormous 
kpse  of  time  for  its  performance. 
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EXPLANATION  OF  PLATE. 


{See  Page  56.) 

Fro.  1,  a.    Convex  surface  of  a  chert  implement  found  at  the  mouth  of  LitUe 
Elk  river,  Morrison  county,  supposed  to  be  a  scraper. 

Fro.  1,  6.    Profile  view  of  same. 

[Note.— This  specimen  is  regarded  a  finished  implement  by  F.  W.  Putnam, 
of  the  Peabody  Museum.] 

Fro.  2,  a.    Convex  surface  of  a  chert  implement  found  at  Little  Falls. 

Fig.  2,  b.    Profile  view  of  the  same.    The  figures  do  not  perfectly  repi-osent  the 
evidentally  chipped  edges. 

Fro.  3,  a.  Broken  arrow-head  ( ?)  of  white  quartz,  found  at  Pike  Rapids. 

Fro.  3,  h.  Profile  view  of  same. 

Fro.  4,  a.  Scraper  ( V)  of  white  quartz,  from  Little  Falls. 

Fro.  4,  b.  Profile  view  of  same. 

Fro.  5.  a.  Implement  of  white  quartz,  Little  Falls. 

Fro.  5,  b.  Profile  of  the  same. 

Fro.  6,  a.  Implement  of  white  quartz.  Little  Falls. 

Fro.  6,  b.  Profile  of  the  same. 


These  figures  are  all  of  the  natural  size  of  the  specimens. 
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There  is  one  other  source  to  which  these  chips  can  be  referred. 
The  veins  of  white  quartz  traversing  the  slate  at  Little  Falls,  from 
which  these  chips  were  originally  derived,  were  observed  in  one  in- 
stance (near  the  mouth  of  Little  Elk  river)  to  split  into  angular 
pieces  similar  to  those  taken  from  the  surface  sand  of  the  plain, 
under  the  action  of  moisture  and  frost.  This  was  seen  at  a  point 
where  the  freshet  water  of  Little  Elk  river  had  lately  carried  away 
the  surface  materials,  laying  bare  a  large  area  of  the  slate.  The 
quartz  of  the  vein,  not  having  a  mineral  cleavage,  yet  had  an  irregular 
fracturing  tendency  which  resulted  in  the  disentegration  of  a  con- 
siderable quantity  of  the  vein.  It  is  supposable  that  in  some  earlier 
history  of  the  river,  when  it  was  large  enough  to  cover  the  whole 
valley  from  the  drift  bluflGs  a  mile  east  of  Little  Falls  to  the  drift 
blufb  several  miles  west,  this  same  disintegration  under  natural 
causes  took  place,  and  that  by  some  means  the  fragments  were  dis- 
tributed by  the  water  of  the  river,  perhaps  by  floating  ice,  over  the 
flat  on  which  they  are  found  when  it  was  the  bottom  of  the  river. 
This  supposition  meets  with  the  following  obstacles. 

1.  There  is  no  point  throughout  the  whole  region  round  about 
where  the  slate  conveying  these  quartz  veins  rises  to  the  level  of  the 
surface  of  this  plain  so  as  to  be  within  the  range  of  transporting 
agencies,  whether  of  the  water  of  the  river  or  of  floating  ice,  but 
the  quartz  veins  are  from  40  to  50  feet  lower  than  the  flat  on  which 
the  chips  occur. 

2.  During  the  high  stage  of  water  that  formed  the  chip-bearing 
terrace,  that  plain  itself  was  intact  from  side  to  side,  the  present 
river  channel  which  is  cut  down  to  the  slate  and  the  quartz  veins, 
not  havmg  been  excavated. 

3.  The  chips  seen  at  Little  Elk  river,  resembling  these  supposed 
human  remains,  were  in  the  bed  of  the  river,  and  under  the  drif^ 
originally,  even  the  unmodified  glacier  drift,  while  the  transported 
chips  are  over  the  glacier  drift  and  in  a  water-washed  sand. 

4.  If  these  chips  were  the  product  of  natural  disintegration,  and 
river  distribution  they  would  be  expected  to  show  some  attrition  in- 
cident to  the  long  period  of  wearing  they  had  passed  through.  On 
the  contrary,  while  embraced  in  a  water-washed  and  rounded  sand, 
or  fine  gravel,  they  are  themselves  not  worn  in  the  least. 

5.  The  quartz  fragments,  while  mainly  destitute  of  evidence  of 
designed  shape,  do  in  a  few  cases  appear  to  be  imperfect  forms  of 
arrow-heads  or  of  cutting  or  scraping  instruments,  and  also  have, 
along  the  edges,  the  appearance  of  having  received  repeated  blows^ 
and  present  small  fresh  surfaces  of  forced  fracture. 


Digitized  by 


Google 


68  ANNUAL  BEPORT. 
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6.  In  gathering  about  tkree  quarts  of  these  chips,  eight  pieces 
were  found  that  could  be  thought  to  have  a  designed  form,  and  two 
of  these  are  of  brown  chei*t  and  undeniably  the  product  of  human 
design. 

(Since  the  foregoing  was  written,  some  of  these  chips  have  been 
submitted  to  Mr.  F.  W.  Putnam,  Curator  of  Peabody  Museum  of 
Archaeology  and  Ethnology,  Cambridge,  Mass.  After  an  exami- 
nation: he  says  he  has  no  hesitation  in  saying  that  he  ^^  considers 
them  identical  with  those  known  to  be  formed  by  the  hand  of  man 
when  making  implements  of  stone.^^  One  of  the  chert  specimens 
he  regards  "  a  finished  implement."') 

(2.)  The  Mound  Builders. 

Mention  has  already  been  made  of  ridges  and  mounds  on  the  ter- 
race at  Little  Falls  attributable  to  the  early  race  known  as  Mound 
Builders.  They  have  a  general  resemblance  to  many  others  that 
may  be  seen  in  the  State,  some  of  which  have  been  alluded  to  ill 
former  reports  (Reports  on  Houston  and  Hennepin  Counties). 
Their  occurence  at  Little  Palls  is  interesting  especially  in  relation 
to  the  possible  human  origin  of  the  quartz  cjiiips  that  have  been  de- 
scribed, as  they  seem  to  be  of  later  date  than  the  chips.  This  is 
proven  by  the  fact  that  the  mounds  are  built  on  the  terrace  plain, 
and  of  its  materials,  in  the  composition  of  which  plain  the  quartz 
chips  take  part,  extending  three  or  four  feet  below  the  surfece. 
The  mounds  themselves  are  somewhat  different  from  those  seen 
elsewhere,  inasmuch  as  they  consist  of  low,  circular  ridges,  from 
eight  to  twelve  feet  across,  rising  but  two  or  three  feet  above  the 
general  level.  These  are  scattered  over  a  small  distance  on  the  east 
bank  of  the  river  near  the  northwest  corner  of  the  village  plat, 
though  perhaps  others  would  be  discovered  on  making  a  more  exten- 
sive survey.  The  following  diagram  of  the  surface  shows  their 
position  relating  to  the  river  and  the  other  ridges.  They  may  have 
been  designed  for  habitation,  having  been  formed  at  first  by  slightly 
excavating  the  surface  of  the  ground,  and  then  building  rude  arched 
coverings  supported  by  wooden  branches  and  enclosed  by  earth. 
As  these  decayed  and  fell  in,  the  resulting  forms  would  be  exactly 
what  are  now  seen.  Beyond  the  limits  of  the  village,  further  north, 
is  an  interesting  ridge,  nearly  straight,  running  obliquely  back  from 
the  river  and  a  hundred  and  eight  paces  in  length.  This  is  of  a  very 
different  nature,  though  plainly  artificial.  It  is  from  three  to  four 
feet  high.  It  has  two  low  spots,  or  openings  through  it,  which  sep- 
arate it  into  three  main  parts.    It  does  not  extend  to  the  imme- 
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diate  rirer  bank,  but  is  separated  from  it  by  an  interval  of  several 
rods.  The  design  of  this  ridge  is  not  evident,  but  it  must  have  had 
some  relation  to  other  works  in  the  neighborhood.  It  may  not 
however,  have  the  same  age  as  the  small  circular  ridges  above  men- 
tioned, since  there  is  some  possibility  that  the  latter  may  have  beea 
built  by  the  present  Indian  races. 

About  fifty  earth-works  or  mounds  are  found  on  the  border  of  a 
small  lake  on  Sec.  35,  Belle  Prairie  and  Sec.  9,  Little  Falls,  six  miles 
east  of  ^e  village  of  Little  Falls.  They  follow  round  the  shore  of 
the  lake,  which  is  know  by  the  Indians  as  '"  The  Lake  between  the 
HiUs." 

Fig.  7. 


Mounds  and  ridges  at  Little  Falls, 

(5.)    In  other  parts  of  Minnesota, 

A  great  many  flints  and  stone  implements  have  been  found  in  the 
State  indicating  the  former  prevalence  of  a  race,  or  races,  analagous 
to  the  stone-workers  of  Europe.  Whether  these  stone  implements 
are  referable  to  the  older  stone-working  race,  which  would  make 
them  pre-gracial,  (palaeolithic),  or  to  the  more  recent  nolithic  stone- 
workers,  or  to  both  of  them,  has  not  yet  been  ascertained;  but  the 
disposition  has  been  general  to  assign  them  to  the  latter.  It  may 
be  possible,  however,  that  the  palaeolithic  race  is  represented,  and 
the  quartz  chips  at  Little  Falls  would  seem  to  indicate  that  to  be 
the  case.  At  any  rate  the  most  careful  attention  should  be  given 
to  the  relation  of  all  such  discoveries  to  the  drift  of  the  region  in 
which  they  occur.  • 

A  few  of  the  other  evidences  of  palaeolithic  man  in  Minnesota 
may  be  mentioned.  Dr.  A.  E.  Johnson  mentions  in  the  Bulletin  of 
the  Minnesota  Academy  of  Natural  Sciences  for  1874,  the  discovery 
of  human  bones  in  the  sand  and  gravel  of  the  Mississippi  river  in 
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the  eastern  terrace  bluffii,  at  Minneapolis,  coincident  in  age  and 
Iiight  with  the  terrace  bluff  in  which  the  quartz  chips  occur  at 
Little  Falls,  this  being  a  deposit  coincident  with  or  immediately  fol- 
lowing the  last  glacial  epoch.  On  the  same  authority  two  fragments 
of  a  human  lower  jaw  with  teeth  were  discovered  in  the  "red  clay 
and  boulder  drift"  near  the  Falls  of  St.  Anthony,  by  workmen  ex- 
cavating in  it  for  use  in  the  tunnel  under  the  river,  lying  "  imme- 
diately upon  the  limestone  ledge."  This  red  clay  is  the  product  of 
the  first,  or  oldest  known,  glacial  epoch,  and  lies  below  all  the  other 
drift.  He  also  states  that  on  the  same  side  of  the  river  a  copper 
spear-head  was  taken  from  a  crevice  in  the  limerock  of  the  Lower 
Trenton,  where  its  strike  forms  an  elevation  in  the  alluvial  plain  of 
the  terrace  above  mentioned,  at  some  distance  from  the  immediate 
river,  under  four  feet  of  drift — "  sand,  gravel  and  clay  " — which  is 
now  in  possession  of  the  St.  Paul  Historical  Society.  This  deposit 
is  of  the  same  plain  and  date,  as  the  material  of  the  terrace  contidn- 
ing  the  quartz  chips.  The  spear-head  is  said  to  have  been  three 
feet  within  the  lime-rock.  It  must  be  admitted,  however,  that, 
supposing  these  human  bones  and  teeth  to  have  been  found  in  the 
manner  reported,  they  may  still  have  been  the  result  of  more 
modem  burials,  and  the  spear-head  may  have  been  thrust  in  the 
crevice  (a  weathered  and  eroded  jointage-plain)  horizontally,  in- 
stead of  perpendicularly,  as  these  open  crevices  abound  in  the  Lower 
Trenton  and  appear  on  the  exposed  wall  of  the  rock  facing  the  river, 
and  especially  in  that  part  of  the  ancient  channel  which  was  cat 
prior  to  the  last  glacial  epoch,  where  this  spear-head  was  found. 
The  locality  of  the  Falls  must  always  have  been  a  resort  for  rude 
tribes  of  men,  and  a  great  many  burials,  not  to  say  battles,  may 
have  taken  place  here.  Still  there  is  an  appearance  of  authenticity 
about  these  discoveries,  so  far  as  the  published  facts  go. 

A  stone  axe  weighing  six  pounds  was  found  at  St.  Paul  in  digging 
a  cellar  near  the  Adams  school  house,  by  Jacob  Biska,  six  or  eight 
feet  below  the  surface.  It  was  overlain  by  soil  and  black  loam, 
which  has  a  thickness  of  eight  or  ten  feet  at  that  point.  The  figure 
below  shows  its  outline.  The  surface  of  the  blade  end  is  smoothed, 
or  roughly  polished,  but  the  other  end  is  rougher,  or  weather-worn. 
This  lay  in  the  latest  of  the  drift  deposits,  but  far  beyond  the  reach 
of  the  present  river,  though  within  the  outer  drift  bluffs. 
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stone  ftze  and  disc  found  at  St.  Paul. 

In  a  gravel  bank  at  St.  Paul  also  was  found  recently  by  Mr. 
Mervine,  a  stone  disc  about  two  inches  in  diameter,  and  three- 
quarters  of  an  inch  in  thickness.  This  has  a  circular  depression  in 
the  center.  One  side  is  coated  with  a  limy  crust.  It  is  of  a  fine- 
grained greenstone. 

The  remains  of  an  extinct  elephant,  in  the  form  of  a  tooth  and 
tusk,  were  found  in  the  gravel  and  sand  of  the  east  bank  of  the 
Mississippi  about  five  miles  above  Minneapolis.  These  occupy  the 
same  relation  to  the  river  and  the  valley  as  the  quartz  chips  at 
Little  Falls,  having  been  taken  from  the  same  terrace. 

In  the  coarse  river-gravel  at  Stillwater,  far  above  the  present  river, 
but  within  the  main  valley,  was  found  a  mastodon^s  tusk,  and  about 
eight  feet  of  it  are  preserved  in  the  Academy  of  Sciences  at  St. 
Paul.  This  was  taken  out  in  the  year  1856  by  A.  Van  Vorhes. 
The  section  of  the  bank  in  which  it  was  found  is  now  made  up  as 
follows : 
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1.  Disturbed  sand  with  some  boulders 5  feet. 

2.  Fine  sand,  with  nearly  horizontal  strata. 2  to  6  feet. 

3.  Gravel  and  boulders Oto  4  feet. 

4.  Very  fine,  handsome  sand,  in  horizontal  stratification. . .  15  feet. 
6.  Coarse  gravel  and  boulders 4to   6  feet. 

6.  Horizontal  strata  of  fine  sand d0to40  feet. 

7.  The  '*  tripoli  '*  bed  lies  next  below  this  fine  sand. 

The  tusk  was  found  in  No.  6,  and  near  the  bottom.  Near  the 
top  of  the  same  stratum,  Mr.  Van  Vorhes  found  fragments  of  pot- 
tery having  carving  and  ornamentation.  These  are  all  to  be  seen 
in  the  Academy  at  St.  Paul.* 

In  the  possession  of  the  Minnesota  Historical  Society  are  two 
immense  stone  hammers  recently  obtained  at  St.  Peter  by  Mr.  B. 
M.  Randall.  One  of  these  was  found  four  feet  under  ground,  and 
the  other  was  on  the  surface.  They  each  weigh  fifty  or  sixty  pounds. 
The  adjoined  sketch  of  their  probable  manner  of  use  represents,  if 
correct,  probably  the  most  primitive  flouring-mill  that  Minnesota 
ever  possessed.  It  was  prepared  by  Dr.  R.  0.  Sweeny.  While 
these  millstones  each  have  a  groove  running  about  them,  somewhat 
on  one  side  of  the  middle,  as  if  for  receiving  a  withed  frame,  yet  the 
groove  of  one  appears  as  if  it  were  of  natural  origin,  and  caused  by 
the  more  rapid  disintegration  of  a  vein  of  micaceous  granite  or 
gneiss  with  which  the  groove  is  coincident,  while  the  bulk  of  .the 
stone  is  of  a  firmer  rock.  In  the  other,  however,  the  groove  has 
evidently  been  dug  out  by  coarse  artificial  chipping. 

These  upper  millstones  were  found  at  points  two  miles  separate. 

One,  the  larger  of  the  two,  has  the  groove  deep  on  one  side,  but  less 

*The  importance  of  this  **flnd"  caused  the  writer  to  distrust  his  own  notes,  made  In 
1872,  as  to  the  exact  position  of  the  pottery,  although  taken  down  on  the  spot  as  de- 
scribed by  Mr.  Van  Vorhes,  and  to  make  a  fresh  application  to  Mr.  Van  Vorhes  for  tho 
particulars  as  to  its  exact  posUUm,  The  following  from  that  gentlemen,  who  is  an  ex- 
perienced surveyor  and  an  exact  observer,  affirms  the  position  of  both  as  at  first  stated : 

Stii«lwatbb,  4pril  26, 1877. 

Dear  Sir  :— Yours  of  the  I6th  came  duly  to  hand,  and  found  me  almost  helpleaa 
with  a  rheumatic  attack,  which  explains  my  seeming  neglect  to  answer  your  inquiry. 

The  mastodon  tusks  were  found  about  eight  or  ten  feet  above  the  base  of  the  hiU  : 
the  hill  at  this  point  rises  at  an  angle  of  about  46^.  After  excavating  in  the  base  of  the 
hill  on  the  grade  of  Myrtle  street  about  37  feet,  the  tusks  were  found,  consequently  37 
feet  below  the  surface.    At  this  point  the  hill  was  about  90  feet  high. 

The  crockery  I  found  some  thirty  feet  farther  into  the  hill  and  some  six  or  eight  feet 
higher  in  the  strata.  This  hill  is  a  continuous  tongue  of  land  lying  between  the  Flor- 
ence mill  stream  and  a  spring  run.  The  two  streams  run  parallel  and  some  350  feet 
apart.  The  hill  is  so  steep  on  the  Florence  mill  side  as  to  be  Inaccessible  except  by 
clinging  to  roots  and  brush  growing  on  it.  The  material  at  the  base  is  sand  and  smaU 
gravel.  Where  the  tusks  were  found  the  strata  were  pure  sand  ten  or  twelve  feet  thick, 
exhibiting  clearly  the  direction  of  the  current  in  an  eastward  inclination  one  or  two 
degrees.  On  the  top  of  the  hill  were  heavy  boulders  of  the  drift  period.  I  deeply  re- 
gret that  indisposition  and  the  weight  of  eighty-four  years  have  rendered  me  incapable 
of  composing  a  satisfactory  commmunlcation.    Yours,  with  much  esteem, 

A.  VAN  VORHES. 
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noticeable  on  the  other,  and  was  found  in  1876.  It  lay  "  under  the 
ground,  covered  with  black  earth  and  sand,  above  a  layer  of  chalky 
deposit  containing  some  flint  and  other  stones."  It  was  on  the^ 
rocky  terrace  formed  by  the  Shakopee  and  Jordan  formations  near 
St.  Peter,  but  a  little  south  of  the  town,  and  thirty  rods  distant 
from  the  flood  plain  of  the  Minnesota  river.  The  smaller  one  was 
found  ^^two  miles  further  south,  just  at  the  foot  of  the  bank,  among 
a  lot  of  boulders  of  all  sizes."    It  was  found  in  August,  1874. 

FlO.  9. 
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Primitive  flour-mill  and  outlines  of  the  upper  millstones. 
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The  phenomena  of  the  mounds  that  are  scattered  all  over  the 
State  cannot  be  regarded  as  palaeolithic,  since  they  pertain  to  a 
period  subsequent  to  the  last  glacial  epoch.  The  mounds  are  found 
indiscriminately  at  all  levels,  and  in  all  relations  to  the  drift  de- 
posits— even  on  the  latest  deposits.  Remains  that  are  found  em- 
braced within  the  actual  drift,  are  classed  here,  according  to  Mr. 
James  Geikie,  as  palaeolithic.  If  they  are  in  the  gravel  or  sand 
along  rivers  or  in  the  hardpan  of  the  last  glacial  epoch  they  accom- 
panied or  preceded  the  last  glacial  epoch.  If  they  are  in  the  hardpan 
of  the  first  glacial  epoch  they  have  a  still  older  date.  Under  this 
grouping  neolithic  remains  are  only  those  of  later  date  than  the 
last  glacial  epoch. 

The  Soil  of  Morrison  County. 

The  immediate  river  valley  is  rather  sandy,  and  has  reacted  against 
the  settlement  of  the  county;  but  the  general  level  of  the  country, 
away  from  the  river,  is  of  a  very  different  character.  There  is  a 
fine  red  loam  that  covers  much  of  the  land  east  of  the  river,  which 
is  of  the  same  nature  and  date  as  the  loam  that  is  spread  over  the 
uplands  in  much  of  the  southeastern  portion  of  the  State,  and  has 
given  that  section  of  the  State  a  notoriety  for  ease  of  culture  and  fer- 
tility of  soil,  second  to  none  in  the  United  States.  This  loam  in  some 
places  is  rather  coarse.  It  is,  indeed,  seldom  clayey,  as  it  is  in 
Houston  County,  and  in  other  places  it  is  wanting,  the  soil  then 
being  a  gravelly  hardpan,  or  gravelly  clay.  The  eastern  portion  of 
the  county  is  mainly  one  of  plain,  or  rises  and  falls  in  broad  undu- 
lations, the  valleys  being  occupied  by  the  creeks  that  generally 
drain  southward,  or  toward  the  Mississippi.  On  the  west  side  of 
of  the  river  the  alluvial  plains  are  wide,  and  are  rather  wet  now, 
but  they  are  destined  to  be  drained,  which  can  easily  be  done,  when 
they  will  be  found  to  possess  some  of  the  best  soils  in  the  county. 
The  hardpan  that  closely  underlies  these  flats  sometimes  appears  in 
low  knolls  which  have  already  been  taken  by  settlers,  as  they  rise 
slightly  above  the  flats  and  furnish  a  different  forest  growth;  while 
back  of  the  flats  is  a  series  of  drift  bluffs  furnishing  heavy  hard- 
woods, which  correspond  with  the  bluflfe  on  the  east  side  of  the  river. 
These  bluflfe  introduce  a  belt  of  hardpan  clay  soils,  and  continue 
westward,  through  slight  variations,  to  the  Leaf  Hills.  Throughout 
this  range,  and  scattered  over  the  intervening  surface,  are  frequent 
boulders  of  granite  and  of  northern  limestone. 
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Water  Powers. 

There  is  a  fine  water-power  in  the  Mississippi  at  Little  Falls,  and 
a  rocky  island  in  the  river  makes  its  improvement  more  feasible. 
This  was  used  at  one  time  for  milling  and  manufactjaring  purposes, 
but  the  dams  have  been  swept  out  by  the  river,  and  the  buildings 
themselves  are  entirely  destroyed.  The  recent  completion  of  the 
railroad  north  and  south  through  the  county,  running  ou  the  east 
side  of  the  river,  is  destined  to  hasten  the  settlement  of  this  in- 
teresting county,  and  to  develop  more  rapidly  its  great  natural 
resources. 

There  are  flouring  mills  already  established  at  the  following  points : 

On  the  Platte  river.  Sec.  35,  Belle  Prairie;  three  runs  of  stone,  for 
custom  work :  also  has  machineiy  for  cutting  lumber.  This  is 
known  as  Grevel's  mill. 

Hill  Brothers'  mill  is  at  the  mouth  of  the  Little  Elk  river  and 
manufactures  flour  and  lumber.  It  has  two  runs  of  stone,  and  12 
feet  water  head. 
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THE  GEOLOGY  OF  RAMSEY  COUNTY. 


Situation  and  Area. 

Ramsey  eoiiuty  lies  east  of  the  Mississippi  and  embraces  St.  Paul, 
the  Capital  of  tlie  State.  It  contains  101,124.62  acres.  It  is  nearly 
reetanguliir,  Ijiit  is  indented  on  the  south  by  a  great  northward  bend 
in  the  Mis8ipi>i  river.  On  this  bend  St.  Paul  is  situated.  The  fol- 
lowing talmkted  statistics  show  the  areas  of  the  different  towns, 
and  dates  of  survey.  The  territory  here  described  as  lying  south  of 
the  Mississippi  river  was  detached  irom  Dakota  county  and  added 
to  Raniaey  county  by  an  act  of  the  Legislatnre,  approved,  March 
9th,  18T4,  The  county  has  Hennepin  and  Anoka  on  the  west,  and 
Anoka  on  the  north.  Washington  county,  about  eighteen  miles 
wide  separates  it  from  Lake  St.  Croix,  which  is  the  eastern  boaji- 
darj  of  the  dtatti^;  separating  it  irom  Wisconsin: 
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The  Surface  Features, 

With  unimportant  exceptions  the  northern  third  portion  of  the 
county  is  flat  while  the  remainder  is  rolling  or  hilly,  becomuig  more 
and  more  broken  toward  the  Mississippi  river.  Thus  rolling  surface 
in  the  southern  portion  is  due  to  the  present  pose  of  the  drift 
materials,  and  not  to  any  upheaval  in  the  rocks.  The  rocks 
everjrwhere  lie  practically  horizontal,  but  they  have  been  eroded  by 
streams  in  numerous  instances,  prior  to  the  drilt-epoch,  so  that 
there  are  deep  valleys  in  the  rocky  surface.  These  valleys  materially 
modified  the  manner  of  deposition  of  the  drift,  and  determined  its 
composition  at  special  points.  The  drift  materials  seem  to  have 
been  accompanied  by  more  water,  in  the  act  of  deposit  in  the  level, 
northern  portion,  than  in  the  southern,  and  have  also,  since  their 
deposit,'  been  smoothed  oflf  by  the  same  agency,  during  the  preva- 
lences of  a  second  glacial  epoch.  The  loam  that  is  spread  over  the 
most  of  the  county  is  the  sole  product,  in  the  most  of  Ramsey 
county,  of  this  second  glacial  epoch,  but  it  was  spread  by  water 
instead  of  ice.  Where  the  old  drift  clay  is  visible  in  the  northern 
part  of  the  county  it  appears  ad  gravelly  ridges  rising  slightly  above 
the  flat  country  round  about,  and  is  then  but  very  slightly  covered 
with  the  loess  loam.  This  loam,  however,  is  conspicuous  and 
abundant  over  the  most  of  the  county,  particularly  in  the  eastern.* 
portions. 

The  Mound  View  Hills,  in  Mound  View  township,  aflFord  the 
most  important  instance  of  the  prevalence  of  the  old  hardpan  drift 
above  the  general  flatness  of  the  country  in  that  part  of  the  county. 
They  are  in  Sees.  10  and  15,  T.  30  N.  R.  23  W.  They  rise  about 
100  feet  abruptly  above  the  valleys  which  separate  them,  and  about 
200  feet  above  Rice  creek  valley.  They  consist  outwardly  of  red 
gravelly  hardpan,  but  they  probably  have  a  nucleus  of  harder  rock. 
Their  remoteness  from  the  main  belt  of  the  Trenton  makes  it  less 
likely  that  their  rocky  nucleus  is  of  that  formation.  The  Potsdam 
sandstone,  as  a  quartzyte,  rises  in  monoclinal  hills  in  other  parts  of 
the  State  round  the  areas  of  the  St.  Peter,  and  forms  several  such 
rocky  knobs.  In  this  case,  if  this  quartzyte  be  the  cause  of  these 
hills,  the  original  rocky  knobs  served  as  gathering  places  for  a 
greater  abundance  of  morainic  drift.  For  farther  illustrations  of 
similar  phenomena  in  Minnesota  the  reader  is  referred  to  the  Second 
Annual  Report  p.  193.  This  series  of  knolls  does  not  extend  far  in 
any  direction,  their  principal  elongation  being  N.  and  S.  There 
are  three  principal  hills.  They  are  scantily  timbered  with  Burr 
Oak.     The  lands  about  have  comparatively  but  few  Burr  Oaks. 
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Natural  Drainage. 

The  most  of  the  county  is  drained  southwardly  into  the  Missis- 
sippi. But  the  streams  are  small,  and  expand  into  lakes  at  frequent 
intervals.  In  the  northern  part  of  the  county,  where  the  most  of 
these  lakes  are  situated,  there  is  less  diversity  of  surface,  and  some- 
times the  streams,  and  the  lakes  themselves,  are  skirted  by  extensive 
marshes  or  "hay  meadows."  In  the  northwestern  part  of  the 
county  the  natural  drainage  is  toward  the  northwest,  and  reaches  the 
Mississppi  through  Bice  creek.  The  Mississippi  river,  which  runs 
along  the  southern  boundary  of  the  county,  lies  in  a  deep  valley 
which  is  about  two  hundred  feet  below  the  general  upland.  The 
streams  which  enter  it  generally  pass  down  this  descent  gradually 
at  points  several  miles  distant  from  the  river  itself.  But  above  Fort 
Snelling  the  streams  enter  it  abruptly,  by  plunging  over  the  per- 
pendicular blufl&  of  rock,  by  which  the  river  is  everywhere  enclosed. 

The  lakes  of  the  county  are,  some  of  them,  large  and  deep,  and 
contain  pure  and  clear  water.  They  have  low  shores,  and  are  but 
little  below  the  general  level  in  the  northern  part  of  the  county, 
but  in  the  southern  they  are  in  deep  basins  in  the  general  surface, 
having  gravelly  shores  and  frequently  attractive  natural  surround- 
ings. White  Bear  Lake  in  the  northeastern  part  of  the  county, 
and  Lake  Como,  near  St.  Paul,  are  the  chief  of  these  lakes  that  serve 
as  summer  resorts;  though  there  are  several  other  large,  and  perhaps 
equally  pleasant,  in  the  central  part  of  the  county.  Some  of  these 
lakes  are  united  by  the  St.  Paul  water  works,  and  supply  the  city 
of  St.  Paul,  through  Lake  Phalen,  vrith  water  for  public  and  domestic 
purposes.  This  line  of  water  works,  by  means  mainly  of  artificial 
connections,  takes  its  supply  from  Pleasant  Lake,  passes  through 
Vadnais  Lake  (connecting  here  also  with  the  waters  of  Bass,  Lam- 
bert's and  Goose  lakes),  enters  Gervais  Lake,  then  Spoon  Lake  and 
finally  discharges  from  Phalen  Lake  through  an  acqueduct,  into  St. 
Paul.  Thus  an  artificial  water-course  is  established  from  the  northern 
to  the  southern  boundary  of  the  county — Rice  lake,  the  most  dis- 
tant with  evident  connection,  being  on  the  northern  boundary, 
partlv  within  Anoka  county. 

The  water  that  issues  at  Fountain  Cave,  St.  Paul,  is  that  of  a 
creek  whi(Jh  disappears  in  the  ground  about  half  a  mile  distant — 
toward  the  city. 
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The  knolls  themselves  are  evidently  "  kames,"  and  in  studying  their 
cau!^  all  the  problems  of  the  glacial  epoch  are  brought  before  the 
mind.  They  are  now  supposed  to  have  been  formed,  so  far  as  the 
drift  is  eouiemed,  in  the  beds  of  streams  of  water  running  on  and 
through  the  ice,  and  in  openings  like  great  crevasses  formed  by  the 
underlying  rocky  knobs,  as  the  ice-sheet  passed  over  them.  These 
hills  are  conspicuous  objects  in  the  horizon  from  distant  points  in 
all  directions.  They  are  visible  from  the  high  land  in  Reserve 
toi(Vni.^hip,  See.  16,  T.  28  N.  R.  3  W.,  and  from  their  summits  can 
be  seen  Auolca,  Hamline  University,  the  Reform  School,  the  spires 
and  smokes  of  Minneapolis,  some  of  the  buildings  of  St.  Paul,  and 
the  village  uf  Centerville.  This  view  is  more  extensive,  but  not  so 
interes^tin  t^  iw  that  on  the  peninsula  on  Sec.  16,  Reserve,  from  which 
point  these  hills  can  be  seen,  and  a  fine  view  can  l>e  had  over  the 
valleys  of  the  Minnesota  and  Mississippi  covering  Fort  Snelling  and 
Minneapolis  at  nearer  range. 

There  is  another  cluster  of  lower  clayey  and  gravelly  ridges  in  the 
north westinn  part  of  White  Bear  Township,  and  an  outlying  area 
of  Upper  Trenton,  causing  a  high  tract  in  the  southern  part  of  the 
same  tawnshi]). 

The  southern  part  of  tl^e  county,  mainly  occupied  with  the 
Trenton  ftrrmation,  is  generally  higher  than  the  northern.  The 
drainage  c(Hin?es  which  pass  through  it  toward  the  Mississippi  lie  in 
d€jep  valleys,  which  are  surrounded  and  hid  by  hills  and  ridges  of 
drift.  Th^^se  hills  probably  ai'e  due  primarily  to  a  rock-sculpture, 
older  than  the  drift,  but  the  drift  is  so  thick  that  the  rock  seldom 
appears  in  exposure  above  the  surface.  There  is  some  appearance 
of  the  forjiier  extension  of  the  valley  of  Rice  Creek  much  further 
southward,  iind  it  is  no  unreasonable  suggestion  that  the  great 
Missls^iippi  itself  may  have  once  occupied  this  valley,  entering  the 
great  gorge  again  where  it  becomes  remarkably  widened  at  St. 
Paul ;  l)ut  the  evidence  is  entirely  topographical.  Such  as  it  is,  it 
is  perhiips  c^ver-balanced  by  a  confusion  of  hills  and  high  drift- 
ridgf^s  noi-th  of  St.  Paul,  which  render  it  impruoable  that  the  Trenton 
is  anywhere  entirely  cut  through  from  the  Rice  Creek  valley  to  St. 
Paul,  as  would  have  been  the  case  if  the  Mississippi  ever  passed 
through  there.  Other  evidences  of  this  hypothetical  position  of 
the  Missksippi  north  of  St.  Paul  are  mentioned  under  the  head  of 
Drift. 
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Description  of  the  Towns  of  Ramsey  County. 

T.  28  N.  R,  22  W.  {FractionaViS.  part  of  McLean  and  part  of 

St.  Faul. 

This  town  shows  the  extremes  between  high  rolling  or  hilly  land 
and  low  alluvial  flood  plain.  The  bluff  portion  east  of  the  Missis- 
sippi is  about  a  mile  and  a  half  wide  and  three  miles  long,  running 
north  and  south,  and  is  cut  by  east  and  west  valleys  and  by  trib- 
utary creeks,  so  as  to  have  a  rough  or  hilly  surface.  It  is  consid- 
erably more  than  half  covered  with  small  timber  (oaks  and  aspens.) 
The  rest  of  this  town  east  of  the  river  is  low,  and  largely  occupied 
by  hay  meadows  or  by  marsh.  A  belt  of  soft  timber  growing  to 
large  dimensions,  separates  it  from  the  river  channel.  On  the  west 
side  of  the  river  there  is  a  repetition  of  these  features,  but  in 
reverse  order.  W.  St.  Paul  is  embraced  in  this  portion.  Area  in 
Ramsey  County  10,260.93  acres. 

T.  29  N.    R.  22  W.    New  Canada,  mth  K  paH  of  McLean  and 
N.  E.  part  of  St.  Paul. 

This  town  has  a  rolling  or  hilly  surface,  and  is  about  half  cov- 
ered with  timber.  Toward  the  north  it  is  more  flat.  Through  the 
central  portion  passes  the  canal  of  the  St.  Paul  Water  Works  and 
Phalen's  Creek.  It  has  several  large  lakes  and  also  several  marshes, 
but  the  most  of  the  town  is  arable  agricultural  land.  Area,  22,- 
467.09  acres. 

T.  30  N.    22  W.    White  Bear. 

This  town  is  mainly  flat,  and  embraces  a  greater  water  area  than 
any  in  the  county.  It  also  has  several  large  marshes  in  the  north- 
em  and  central  portions.  It  has  a  small  area  of  more  elevated  land 
in  the  northwestern  corner,  east  of  Pleasant  Lake,  and  another  in 
the  southwestern,  south  of  White  Bear  Lake.  The  subsoil  is  a 
gravelly  clay,  which  sometimes  rises  to  form  also  the  soil,  but  the 
surface  soil  is  usually  either  a  sandy  loam,  which  sometimes  l^e- 
comes  too  light  for  good  farming,  or  is  a  clay  ^vith  a  flat  surface. 
Area,  19,270.98  acres. 

T.  28  N.  23  W.    {Fractional)  Reserve,  and  W,  part  of  St.  Paul. 

This  town  has  a  rolling  aijd  generally  a  gravelly  clay  surface, 
and  is  either  timbered  with  small  oaks  and  aspens,  or  is  of  rolling 
prairie.  It  is  diversified  on  three  sides  by  the  bluffs  of  the  Missis- 
sippi. It  contains  no  lakes  and  but  few  marshes.  Area,  8,326.54 
acres. 
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T.  29  N.,  23  W.    (Fractional)  Rose,  and  N.  W.  part  of  St.  Paul. 

The  southern  part  of  this  town  is  high  and  rolling,  with  a  red 
clay  subsoil.  The  northern  part  is  more  sandy  and  flat,  embracing 
the  portion  round  Lake  Josephine  and  the  southern  part  of  Big 
Bass  Lake.  It  also  contains  Lake  Como,  with  a  number  of  other 
minor  lakes,  with  several  marshes.  These  are  mainly  in  the  north- 
em  portion.  Sections  16, 17, 21  and  22  are  mainly  of  prairie.  The 
rest  of  the  town  is  well  timbered.    Area,  18,917.87  acres. 

T.  80  N.,  23  W.  Mouio)  View. 

The  hills  already  described,  near  the  center  of  this  town,  give  it 
its  name.  Aside  from  these  hills  and  a  tract  along  the  S.  W.  cor- 
ner, the  whole  town  is  flat  or  gently  undulating,  and  has  a  rather 
sandy  soil.  This  sand,  however,  is  closely  underlain  by  an  imper- 
vious clay,  as  evinced  by  the  numerous  lakes  and  mai^hes  which 
are  found  within  its  limits.  Rice  Creek  is  a  slow,  crooked  stream,  fre- 
quently skirted  with  marshes  or  hay  meadows.  The  town  is  some- 
what more  than  half  covered  with  small  oaks,  with  aspens  and  elms 
in  the  low  grounds.    Area,  21,881.12  acres. 

Elevations  in  Ramsey  County, 

Above  tbe  Ocean. 

Lowest  known  water  in  the  Miss.  R.  at  St.  Paul 676  feet 

Highest  known  water  in  the  Miss.  R..  at  St.  Paul 697  feet 

Sununit  between  White  Bear  Lake  and  St.  Paul  (8  feet  cut),  according 

to  the  St.  Paul  and  Duluth  R.  R 959  feet 

Junction  at  White  Bear  Lake,  St.  Paul  and  Duluth  R.  R 920  feet 

St  Paul  and  Pacific  Depot,  St  Paul 689  feet 

Base  of  the  Capitol,  St.  Paul 782  feet 

Bluffs  back  of  the  Capitol,  head  of  Robert  street 901  feet. 

Summit  avenue  bluff 910  feet 

Junction  of  the  St,  Paul  and  Pacific  and  the  St.  Paul,  Stillwater  and 

Taylor's  Falls  R.  R.'s 762  feet 

Crossing  of  the  St.  Paul  and  Duluth  and  St.  Paul,  Stillwater  and  Tay- 
lor's Falls  ^R.  R.s 

Grade'of  St  Paul  and  Duluth  R.  R 817  feet 

Grade  of  St  P..  S.  &  T.  F.  R.  R 797  feet 

Grade  of  the  Mil.  &  St  P.  R.  R.  at  Dayton's  Bluff 696  feet 

Soil  and  Timber. 

The  southern  half  of  the  county* has  a  clayey  subsoil,  with  a 
clayey  loess-loam  overspread ;  and  in  general  the  northern,  more 
flat,  portions  have  the  same  subsoil,  with  a  sandy  loess-loam  over- 
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spread.  There  are,  however,  many  spots  where  the  loess-loam  is 
thin  or  wanting,  where  the  subsoil  constitutes  also  the  soil ;  but  in 
the  southern  rolling  portions  this  circumstance  is  likely  to  afford  a 
clayey  soil,  while  in  the  northern  this  clay  is  more  gravelly.  Along 
the  Mississippi  River  is  a  large  area  of  alluvial  land,  which  is  so 
wet  that  it  cannot  be  depended  on  for  general  farmings  but  furnishes 
a  gre^t  deal  of  wild  hay.  There  are  also  some  higher  flats  along 
the  river  that  are  very  fine  for  farming.  The  county,  however,  is 
not  generally  occupied  for  farming,  but  is  owned  by  non-residents. 
The  following  species  of  trees  and  shrubs  were  noted  in  the  ex- 
amination of  the  county. 

Qaercos  cocdnea.     Wang.    Var.  tmctoria.    Bartram, 

[Note. — This  is  the  tree  that  has  been  named  Quercus  rubra  L. 
with  doubt,  in  former  reports.  It  is  what  is  known  oftenest  as 
"Black  Oak,''  but  also  is  called  "  Quercitron,''  and  ''  Yellow  Barked 
Oak."  Careful  observations  were  made  in  the  survey  of  this  county 
on  this  oak.  There  was  a  specially  favorable  opportunity  in  West 
St.  Paul,  where  were  seen  evidently  two  species,  of  oak,  the  black 
and  the  red,  yet  nearly  alike,  growing  in  a  ravine  in  the  same 
situation.  This  was  near  the  "  Farmer's  Hotel "  on  the  E.  side  of 
the  street.  They  were  here  in  company  with  white  oak.  The  two 
species  here  growing  under  the  same  circumstances  showed  constant 
differences.  Several  trees  here,  of  each,  are  of  about  the  same  size, 
but  small.  The  general  habit  and  color  of  the  two  are  the  same, 
except  that  the  red  is  more  open-branched,  and  looser  in  the  top, 
having  fewer  dead  twigs  and  branches.  The  chief  distinctions  are 
in  the  leaf  and  fruit.  The  red-oak  leaf  has  the  same  general  shape, 
and  the  same  number  of  toothed  lobes  as  the  black,  but  the  central 
undivided  portion  is  wider  than  in  the  black,  and  the  whole  leaf  is 
longer  in  proportion  to  its  full  width;  hence  its  foliage  is  coarser 
and  heavier  than  in  the  black.  The  leaves  of  the  red  droop,  while 
those  of  the  black  turn  easily  with  the  wind,  and  stand  in  all  posi- 
tions. In  the  fruit,  the  acorn  of  the  red  is  double  the  size  of  that 
of  the  black,  both  growing  on  last  year's  wood;  the  acorn  of  the  red 
rising  three  or  more  times  the  hight  of  the  shallow  cup,  while  that 
of  the  black  only  rises  about  twice  the  hight  of  the  cup.  The  cup 
of  the  red  is  generally  an  inch  across;  that  of  the  black  about  half 
an  inch  or  a  little  more. 

This  is  by  far  the  most  abundant  oak  in  the  county,  as  it  is 
throughout  the  southern  half  of  the  State;  but  there  are  some 
situations,  particularly  exposed,  high  hillsides,  like  the  tops  of  Mound 
View  Hills,  in  which  it  is  noticed  to  fail,  though  growing  abundantly 
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on  lower  levels,  and  to  be  replaced  by  the  Bur  Oak.  It  does  not 
frequently  appear  as  a  large  tree,  but  is  generally  less  than  ten 
inches  in  diameter,  or  simply  has  the  size  of  shrubs,  intermixed  with 
Bur  Oaks  of  the  same  size.] 

Quercus  rubra.    L,    Red  oak. 

[NoTB. — At  present  this  oak  must  be  restricted  to  the  only  point 
at  which  it  has  been  identified,  viz.  West  St.  Paul. 

Quercus  macrocarpa.    Michx.    Bur  Oak. 

Quercus  alba.    L.    White  Oak. 

Ulmus  Amencaua.    L.    (PL  Clayt.)    WiUd.    American  Elm. 

Populus  tremuloides.    Michx.    Aspen. 

Populus  j^^randidentata.    Michx.    Great-toothed  Poplar. 

Populus  monilifera,    Ait.    Cottonwood. 

Tilia  Americana.    L.    Bass. 

NegTindo  aceroides.    Mvctich.    Box  Alder. 

Juglans  cinerea.    L.    Butternut. 

Carya  amara.     yutt.    Bitternut. 

Fraxinus  Americana.    L.    V/hite  Ash. 

Fraxinus  sambucifolia.    Lam.    Black  Ash. 

Acer  rubrum.     L.     Red  Maple. 

Acer  saccharinum.     Wang.    Sujfar  Maple. 

Betula  alba.     Var.  populifolia.    Spach.    (?)    White  Birch. 

[Note. — About  some  of  the  lakes  becomes  12  and  14  in.  in 
diameter.] 

Larix  Americana.    Michx.    Tamarack. 
Juniperus  Virg-iniana.    L.    Red  Cedar. 

[Note. — Large  trees  grow  at  Lake  Johannah,  and  also  along  the 
rocky  bluffs  of  the  Mississippi.] 

Salix  nigra.    Marshall.    (?)    (And  other  willows). 
Ulmus  fiilva.    Michx.    Slipperj-  Elm . 
Prunus  serotina.     Ehr.     Black  Cherrj'. 
Pinus  Strobus .    L.    White  Pine. 

[Only  along  the  banks  of  the  Mississippi  above  Fort  Snelling.] 

Betula  excelsa,  of  American  authors.    Gray  Birch. 

[At  Lake  Johannah.] 

Prunus  Pennsylvanica.    L.    Small  Red  Cheiry. 
Prunus  Americana,    Marsh.    Wild  Plum. 
Zanthoxylum  Americanum.    Mill.    Prickly  Ash. 
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Ostiya  Virginica.     Willd,    Ironwood. 

Carpinus  Americana.    Michx,    Water  Beech. 

Pnmus  Virginiana.    L.    Choke  Cherry. 

Amelanchier  Canadensis.     Tory  and  Gray.    Juneberry. 

Fjrua  coronana.    L.    American  Crab  Apple. 

Bubus  ocddentalis.    L.    Black-Cap  Raspberry. 

Rubus  strigosns.    Michx,    Red  Raspberry. 

Rabos  yilloBos.    Ait,    High  Blackberry. 

Ribes  Cynosbati.    L,    Wild  Gooseberry. 

Ribes  robundifohum.    Michx,    Smooth  Wdd  GoosebeiTy. 

Ribes  lacDstre.    Poir,  (?)  Swamp  Gooseberry. 

[Has  a  smooth  firuit  in  racemes.] 

Sambucua  Canadenses.    L.    Elderberry. 
Spirsea  opulifolia.    L,    Ninebark. 
Sph-eea  salicifolia.    L,    Meadowsweet. 
Celtis  ocddentalis.    L.    Hackberry. 
Alnus  incana.     Willd,    Speckled  Alder. 
Alnus  serrulata.    Ait,    Smooth  Alder. 

[Note. — Both  alders  are  found,  often  in  company,  on  the  flats 
about  White  Bear  Lake,  but  the  smooth  rarely  exceeds  three  feet  in 
hight,  the  other  being  ten  or  fifteen.] 

Amorpha  canesceus.    Nutt    Lead  Plant. 
Amorpha  fruticoso.    L,    False  Indigo. 

[This  has  very  much  the  appearance  of  a  small  locust.] 

Aristolochia  Sipho.    VHer.  (?)  Pipe  Vine. 

Rhus  glabra.    L.    Smooth  Sumac. 

Rhus  typhina.    L,    Staghom  Sumac. 

Rhus  Toxicodendron.    L.    Poison  Ivy.    (Tuttle  Lake.) 

Vitis  cordifolia.    Michx,    Frost  Grape. 

Symphoricarpus  ocddentalis.    R.  Br,    Wolfberry. 

Corylus  Americana.     Walt.    Hazel. 

Comus  florida.    L.    Flowering  Dogwood. 

Comus  sericea.    L,    Silky  Cornel. 

Comus  altemifolia.    L,    Alternate-leaved  Cornel. 

Comus  paniculata.    VUer.    Panicled  Cornel. 

Ceanothus  America  nus.    L.    Jersey  Tea. 

Vaccinium  corymbosum.    L,     Var.  amcenum.  Swamp  Blueberry. 

Lonicera  parviflora.    Lam.    Small  Honeysuckle. 

Celastrus  scandens.    L.    Bittersweet. 

Ampelopsis  quinquefolia.    Michx.    Virginia  Creeper. 

Rosa  blanda.    Ait.    Early  Wild  Rose. 

Viburnum  Opulus.    L.    High  bush  (Aauberry. 

Comus  stolonifera.    Michx.    Red-osier  Dogwood. 

Cratsegus  coccifeea.    L.    Thomapple. 
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There  is  but  little  heavy  timber  in  the  county  ;  yet  it  is  nearly 
all  covered  with  small  trees  and  shrubs.  The  uplands  and  the  flat 
parts  of  the  county  are  furnished  with  black  and  bur  oaks  and 
poplar.  The  rest  of  the  above  species  of  trees  are  found  in  excep- 
tional situations,  as  along  the  shores  of  lakes  or  streams,  or  in  the 
flood  plain  of  the  Mississippi  river.  Several  species  are  also  peculiar 
to  the  rocky  bluifs. 

THE  GEOLOGICAL    STRUCTURE. 

The  formations  that  will  here  be  described,  embraced  within  the 
county,  are  as  follows: 


1. 

The  St.  Peter  Sandstone. 

2, 

The  Lower  Trenton  Limestone. 

S. 

The  Green  Shales. 

4. 

The  Upper  Trenton. 

5. 

The  Drift. 

6. 

The  Liiess  Loam. 

The  St.  Peter  Sandstone  underlies  the  northern  flat  and  sandy 
portion  of  the  county  and  the  alluvial  portions  along  the  Missis- 
sippi, outcropping  in  the  blufls. 

The  Lower  Trenton  is  that  quarried  at  St.  Paul,  and  its  area  is 
not  distinctly  separable  from  that  of  the  other  three  members  of  the 
Trenton.  These,  taken  together,  underlie  the  hilly  and  clayey 
parts  round  St.  Paul  and  extend  in  diverging  arms,  one  toward  the 
northeast  and  one  towards  the  northwest.  Between  these  arms, 
which  embrace  all  three  parts,  is  an  area  which  includes  the  north- 
western parts  of  New  Ccuiada  and  the  northeastern  parts  of  Rose 
townships,  that  is  probably  underlain  only  by  the  Lower  Trenton. 
All  of  these  members  underlie  the  township  of  Rose  in  general, 
and  the  eastern  part  of  New  Canada.  They  would  .also  be  found 
in  the  high  portions  of  the  eastern  part  of  McLean.  The  key  to 
this  distribution  is  found  at  St.  Paul,  and  in  the  hills  south  of  White 
Bear  Lake,  where  certain  features  of  the  topography  are  found  to 
coincide  with  their  presence,  and  another  set  of  topographical 
features  to  prevail  in  their  absence.  These  topographical  indica- 
tions are  almost  the  sole  guide  in  thus  assigning  the  parts  of  the 
Trenton  to  different  parts  of  the  county,  on  account  of  the  abun- 
dant drift  with  which  the  county  is  covered. 
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The  St.  Peter  Sandstone. 

This  sandstone  is  seen  in  the  bluflfs  of  the  Mississippi  from  Fort 
Snelhng  to  the  southeastern  corner  of  the  county;  and  by  reason 
of  the  breaking  down  of  the  overlying  Trenton  wherever  former 
drainage  streams  have  run,  and  the  easy  erosion  of  this  rock,  it  also 
becomes  the  surface  rock  in  a  number  of  tributary  valleys.  In  the 
city  of  St.  Paul  there  is  a  large  expansion  of  the  St.  Peter  area  over 
the  low  level  through  which  Phalen's  creek,  and  others,  enter  the 
Mississippi,  which  extends  more  than  a  mile  north  of  the  river. 
Further  south  are  several  such  re-entrant  areas  in  McLean  town- 
ship. The  wide  bottom-land  east  of  the  river,  in  McLean  township, 
is  represented  on  the  geological  map  of  the  county,  as  St.  Peter, 
but  it  is  possible  that  the  Shakopee  limestone,  which  is  shown  at 
Red  Rock,  some  farther  south,  extends  as  the  surface  rock  within 
Ramsey  county,  under  the  alluvium  of  the  floodplain,  but  it  is 
nowhere  visible.  At  the  most  it  can  occupy  but  a  small  area.  The 
Si  Peter  is  about  150  feet  thick.  It  has  no  noteworthy  variations 
of  character,  as  far  as  seen  in  Ramsey  county,  and  it  has  already 
been  described  so  many  times  that  its  lithological  features  need  not 
be  dehneated  again. 

The  Lower  Trenton. 

This  is  what  Dr.  Owen  styled  "St.  Peter's  Limestone,''  in  his  final 
report  on  the  Geology  of  Wisconsin,  Iowa  and  Minnesota,  and  which 
Dr.  B.  F.  Shumard  divided  into: — 

1.  Upper  Shell  limestone.       F.  3.  c 6  ft. 

2.  Non-foasihferous  Bed.         F.3.b 5ft. 

3.  Lower  Shell  limestone.       F.  3.a 23  ft. 

In  later  reports,  particularly  those  of  the  Wisconsin  geologists,  they 
were  designated  as  the  "Buflf  Limestone/'  and  the  "Blue  Limestone,^' 
the  former  lying  below  the  latter.  These  terms,  however  were 
strictly  applicable  only  to  formations  in  Wisconsin,  but  by  inference 
were  extended  to  cover  the  geological  horizon  at  St.  Paul  and  the 
Falls  of  St.  Anthony.  The  Blue  Limestone,  however,  of  northern 
Wisconsin  seems  to  have  been  regarded  by  Dr.  Lapham  as  the 
equivalent  of  the  Hudson  River  Group,  of  New  York,  and  also  of  a 
formation  of  the  same  name  in  Ohio,  where  the  term  originated, 
and  supposed  to  lie  entirely  above  the  proper  Trenton.*    These 

•  When  this  term  was  originally  applied  to  the  Ohio  rocks  they  were  regarded  as  a 
continuation  ot  the  Trenton  limestone  of  New  York. 
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terms  seem  still  the  more  inapplicable  to  the  limestones  seen  at  St 
Paul  and  St.  Anthony  Falls,  since  the  terms  ''buff''  and  "blue" 
should  be  in  reverse  order.  The  "  Lower  Shell  limestone ''  is  more 
frequently  blue  than  the  Upper  Shell  limestone,  and  is  always  so 
on  fresh  quarrying.  The  latter  is  rather  a  dirty  gray  or  drab,  ap- 
pearing somewhat  like  a  fine-grained  sandstone,  and  is  often  harsh 
to  the  kouch. 

Later  still  the  whole  of  the  limestone  exposed  at  St.  Paul  was 
classed  by  Prof.  James  Hall  as  the  equivalent  of  the  Wisconsin 
"  Buff  Limestone,"  the  "  blue  limestone"  being  some  higher  mem- 
ber not  distinctly  recognized  in  Central  Minnesota,  but  in  the  light 
of  further  observations  now  known  to  be  what  has  been  designated 
by  this  survey  as  the  *'  Upper  Trenton,"  at  its  chief  exposures  in 
the  southern  part  of  the  state,  but  which  has  not  until  the  present 
been  discovered  as  far  north  as  St.  Paul.  At  the  same  time  (Geol- 
ogy of  Wisconsin,  Vol.  I,  p.  33.— 1862.)  Prof.  Hall  regards  the 
Buff  Limestone  as  the  equivalent  of  the  New  York  "  Birdseye" 
and  "  Black  River"  limestone.  In  the  meantime,  the  "  Blue  Lime- 
stone" in  Ohio  has  become  enlarged  into  the  ''Cincinnati  Group," 
and  the  |Trenton  in  that  state  involved  so  closely  with  it  that  its 
identity  is  nearly  or  wholly  lost.  On  the  west  of  the  Mississippi, 
however,  the  Trenton  has  been  shown  to  have  a  full  development, 
and  even  to  take  on  a  peculiar  phase  designated  "  Galena,"  while 
the  aluminous  phase  so  largely  developed  at  Cincinnati  has  only 
been  recognized  in  the  "  Maquoketa  Shales"  of  Dr.  White. 

Still  more  recently  Prof.  Chamberlain,  of  the  Wisconsin  survey, 
has  shown  (Geology  of  Wisconsin,  Vol.  II,  1873-77)  that  thelith- 
ological  differences  commonly  relied  on  to  distinguish  the  "blue'' 
from  the  "buff"  are  not  general  nor  reliable  ;  that  there  is  no  chem- 
ical distinction  which  holds  good,  and  that  the  fossils  of  the  "buff," 
as  heretofore  limited,  are  also  to  be  found  above  the  "blue."  Hence 
he  regards  them  as  essentially  one.  Further,  in  the  northern  part 
of  the  State  he  states  that  even  the  Cincinnati  Shales  and  Lime- 
stones are  undistinguishable  by  any  satisfactory  line  of  demarkation 
from  the  Trenton  limestone,  and  includes  that  with  the  rest,  under 
the  general  term  "  Trenton  Group." 

With  these  preliminary  remarks  it  will  be  understood  that  the 
term  Lower  Trenton  is  not  supposed  to  convey  any  greater  sig- 
nificance than  an  appropriate  designation  for  a  local  lithological 
phase,  by  which  the  lower  part  of  the  great  Trenton  Group  is 
easily  distinguished  from  the  rest  in  the  state  of  Minnesota. 

Wherever  the  base  of  the  Trenton  has  been  seen  in  Minnesota, 
it  has  been  found  to  consist  of  about  25  feet  of  calcareous  firm 


Digitized  by 


Google 


STATE    GEOLOGIST.  79> 

beds  (sometimes  with  some  shaly  layers),  which  give  great  prom- 
inence to  this  geological  horizon  in  the  topographical  eflfects  which 
they  produce.  They  are  underlain  by  an  erosible  sandrock,  and 
overlain  by  a  varying  thickness  of  green  shale.  The  underlying 
sandrock  crumbles  away,  letting  the  limerock  project,  but  the  over- 
lying shale  sheds  the  surface  waters  that  would  otherwise  disin- 
tegrate the  limerock.  These  combine  to  preserve  the  limerock  and 
to  cause  it  to  project  in  long,  prominent  headlands,  and  to  form  the 
brows  of  ridges  and  terraces  which  diversify  several  counties  in  the 
southeastern  part  of  the  state.  The  thickness  of  the  overlying 
shale  has  heretofore  not  been  supposed  to  exceed  twenty  feet,  but 
observations  made  in  Ramsey  county  go  to  show  that  the  whole 
upper  Trenton,  so  called  in  the  southern  part  of  the  state,  is  here 
changed  to  a  calcareous  shale,  with  thin  limestone  layers,  perfectly 
comparable  to  the  Cincinnati  shales  and  limestone  of  Ohio. 

In  Ramsey  county  this  lower  Trenton,  or  "  Buff"  limestone,  as- 
Dr.  Owen  at  first  designated  it,  is  separable  into  three  parts  which 
have  pretty  constant  characters,  and  they  are  approximately  as- 
given  above  from  Dr.  Shumard. 

1.  Impm^,  harsh,  drab  or  dirty  buff  limestone,  containing 

lumps  of  calcite  and  species  of  Strophomena  and  Orihis, 

with  other  fossils 6-10  feet. 

2.  Shale,  and  calcareous  shale  with  fragments  of  fossils 6-10  feet. 

3.  Limestone,  with  aluminous  partings.    This  is  the  building 

stone  of  St.  Paul.  The  mingling  of  shaly  and  calcareous 
parts  throughout  this  limestone  causes  the  dressed  sur- 
faces of  large  slabs  to  have  a  blotched  or  mottled  surfiEice, 
particularly  when  the  dressed  side  coincides  with  the 
natural  bedding.  This  member  is  the  most  persistent  of 
the  Lower  Trenton,  but  splits  into  thin  layers  on  long  ex- 
posure, due  to  the  loosening  of  the  shale  throughout  the 
mass.  This  contains  fossils  characteristic  of  the  Trenton, 
but  generally  in  fragmentary  condition 15  feet. 

Besides  the  three  main  parts  above  described  there  are  also  several 
thin  beds  of  green  shale  in  No.  1,  which  seem  not  to  be  confined  to 
any  definite  horizon,  and  nearly  always  a  layer  of  green  shale  below 
No.  3. 

In  sections  of  the  bluffs  at  St.  Paul  given  in  Dr.  Owen's  final 
report,  this  limestone  is  represented  as  greatly  broken  and  even, 
faulted  along  the  river  from  Fort  Snelling  to  St.  Paul  and  especially^ 
in  the  vicinity  of  New  Cave  (now  known  as  Fountain  Cave)  near  th(j 
railroad  bridge  of  the  Milwaukee  and  St.  Paul  R.  R.  This  locality 
vas  specially  examined.  The  layers  of  the  limerock  are,  it  is  true» 
disturbed  along  the  immediate  river  bluff  and  are  mixed  in  some 
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confusion  with  coarse  drift,  but  at  points  further  from  the  river 
the  beds  continue  along  horizontal  and  unbroken,  so  that  the  for- 
mation itself  cannot  be  said  to  be  disturbed.  Dr.  Owen  attributes 
rightly  this  broken  condition,  so  far  as  the  blocks  seem  to  he  on 
drift  materials,  to  the  action  of  water,  and  probably  that  of  the  riyer 
at  some  higher  stage.  The  beds  were  undermined  and  dislodged, 
but  were  not  transported.  Probably  floating  masses  of  ice,  during 
the  last  glacial  epoch  which  did  not  extend  as  a  continuous  ice-sheet 
east  of  this  place,  in  Minnesota,  played  an  important  part  in  dis- 
placing these  limestone  blocks,  and  in  depositing  among  them  the 
water-worn  drift. 

The  Green  Shales  and  Upper  Trenton. 

The  first  intimation  of  the  existence  of  any  rock  in  situ  in  Ramsey 
county,  above  the  Green  Shales  as  they  have  been  described  in 
counties  further  south,  and  in  Hennepin  county,  was  found  in  the 
drilling  of  the  well  at  the  State  Reform  School  near  St.  Paul.  This 
was  ordered  by  the  legislature  of  1877,  and  was  done  by  C.  E. 
Whelpley  of  Minneapolis.  Mr.  F.  McCormick,  Secretary  of  the 
State  Reform  School,  has  furnished  the  following: 
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Notes  of  the  Deep  Well  Bored  at  the  St^te  Reform  School,  in  the 
Months  of  April  and  May^  1877, 


1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 
13 

14 

15 
16 
17 
18 
19 
20 

21 

22 
23 
24 

25 

26 

27 
.28 

29 
30 
31 

32 

Upper 
Trenton. 

Very 
8haly. 

Green     , 
Shales. 

' 

Lower 
Trfintnn 

33 

St  Peter 
Sandrock. 

34 

Feet. 

1.  Two  feet  black  soil 2 

2.  Three  feet  gravel 3 

3.  Six  inches  clay ovi 

4.  Thirteen  feet  coarse  gravel 13 

5.  One  foot  flne  sand    i 

6.  One  foot  coarse  gravel l 

7.  One  foot  fine  sand l 

8.  Thirteen  feet  coarse  sand 13 

9.  Two  feet  boulders 2 

10.  Three  inches  lime  rock 0J4 

11.  Three  feetday 3 

12.  Two  feet  sand,  with  water 2 

13.  Six  feet  three  inches  shell  rock 

with  clay 6^ 

14.  Seven  feet  hard  lime  rock 7 

15.  Two  feet  clay 2 

16.  One  foot  hard  rock l 

17.  Four  feet  blue  clay 4 

18.  Four  feet  hard  rock 4 

19.  One  foot  blue  clay i 

20.  Three  feet  lime  rock 3 

21.  Six  feet  clay,  light  color 6 

22.  Five  feet  clay,  dark  color 6 

23.  Four  feet  yellow  clay 4 

24.  Five  feet  blue  clay 5 

25.  Eight  feet  blue  clay  (very  hard).  8 

26.  Twenty-eight  feet  blue  clay ....  28 

27.  One  foot  lime  stone  (hard) 1 

28.  Six  feet  blue  soap  stone 6 

29.  Three  feet  lime  rock 3 

30.  Three  and  one-half  feet  blue 

9oap  stone 3^ 

31.  One  and  one-half  feet  lime  rock     1% 

32.  Twenty-eight  and  one -half  feet 

blue  lime  stone 28H 

33.  Five  feet  blue  clay 6 

34.  Seventy-seven  and  one -half  feet 

white  sand  rock n% 

Whole  depth ^  252 

An  abundant  supply  of  water  was  ob- 
tained at  the  depth  of  150  feet.  This 
supply,  however,  was  not  tested  until 
after  the  well  had  been  bored  one  hun- 
dred feet  below  It.  The  drill  at  that 
point,  became  fixed  and  immovable, 
so  that  the  contractor  was  wholly  un- 
able to  proceed  further,  when,  after 
experimenting  with  pumps,  it  was  found 
that  the  supply  was  sufficient  for  all 
practical  purposes. 

The  water  was  obtained  after  drilling 
about  ten  feet  in  the  lime  rock  of  No.  32. 

From  this  source  the  water  rose  In  the 
well  about  eighty  feet.  The  water  is 
Supposed  to  be  of  excellent  quality. 
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Of  these,  No.  34  is  plainly  the  St.  Peter  sandstone.  No.  33  is 
the  green  shale  which  is  nearly  always  seen  over  the  sandstone  in 
Hennepin  and  Ramsey  counties.  Nos.  32  to  29,  inclusive,  include 
the  Lower  Trenton,  but  the  thickness  seems  greater  than  elsewhere 
observed,  being  SQi  feet.  The  rest  of  the  drill  seems  to  be  taken  up 
with  alternating  shale  and  limestone  layers,  the  greater  portion 
being  of  shale.  Of  this  thickness  (lOli  feet)  probably  the  main 
mass  of  shale,  near  the  bottom,  said  to  have  been  28^  feet  thick  ^ 
represents  the  green  shales  that  had  before  been  identified;  but 
there  is  not  sufficient  difference  between  this  and  the  rest  to  exclude 
the  application  of  the  same  term  to  the  whole  of  the  beds  above 
No.  29. 

A  few  months  later  an  exposure  of  green  shale  was  seen  in  the 
road,  N.  W.  i  Sec.  9,  in  Reserve,  accompanied  by  Chceteets  gnd 
Orthis^  above  the  level  at  which  the  regular  green  shale  could  exist. 
Blocks  of  fossiliferous  blue  limestone  were  also  seen  abundantly 
along  a  ravine  in  the  same  township,  (Sec.  15)  mixed  with  the  debris 
of  the  red  hardpan  clay,  far  above  the  level  of  the  Lower  Trenton; 
a  circumstance  at  variance  with  any  thing  before  seen  in  Ramsey 
county.  Finally,  the  beds  in  place  were  found  in  a  good  exposure 
along  Ramsey  street  in  St.  Paul,  where  it  ascends  St.  Anthony 
Hill.  They  were  first  seen  in  a  little  artificial  ravine  made  for  a 
watering  tank.  They  are  exp)^:*!  in  a  similar  manner  in  other 
ravines  that  descend  St.  Anthjny  Hill  toward  tha  river,  farther 
west.  The  basis  rock  of  St.  Anthony  Hill  is  the  same.  Their 
thickness  above  the  Lower  Trenton  is  108  feet,  and  they  have  a  con- 
spicuous strike,  as  already  stated,  in  a  line  of  drift-covered  bluffs 
that  run  from  St.  Paul  northwestwardly,  reaching  Anoka  county 
south  of  Rice  creek,  causing  the  high  and  hilly  land  there  seen. 
These  beds  also  form  the  nucleus  of  the  high  land  that  extends  from 
St.  Anthony  Hill  southwestwardly  toward  Fort  Snelling,  distant 
about  three-fourths  of  a  mile  from  the  river. 

These  beds  are  very  shaly,  not  more  than  one-third  of  the  whole 
being  limerock,  and  contain  the  usual  fossils  of  the  Lower  Trenton^ 
but  their  paleontology  has  not  yet  been  examined  carefully.  The 
whole  formation  seems  to  have  the  characters  of  the  Cincinnati,  as 
exposed  in  Green  Bay,  Wisconsin,  or  in  Ohio. 

The  Trenton  Group, 

In  New  York  the  Trenton  limestone  is  succeeded  by  a  mass  of 
shales  with  the  local  designations,  Utica  slate,  Frankfort  slate,  Shales 
and  sandstones  of  Pulaski,  and  Lorraine  shales.    These  were  all  ^n^ 
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braced  in  the  term"  Hudson  River  Group,  which  had  before  been 
applied  to  a  mass  of  shales  that  are  now  known  to  be  much  lower. 
On  account  of  this  error  the  term  Cincinnati  Group  has  been  gen- 
erally substituted. 

On  the  other  hand  in  Iowa  and  southern  Wisconsin  and  Minne- 
sota, the  Trenton  limestone  is  found  to  pass  into  the  Galena  by  slow 
stages  and  to  be  followed,  at  least  in  Iowa,  by  a  greatly  reduced 
representative  of  the  Cincinnati  Group,  named  by  Dr.  White  the 
Maquoketa  shales.  Leaving  Iowa  and  passing  into  Minnesota  the 
Trenton  limestone  increases  in  thickness,  and  the  Galena  diminishes, 
the  latter  becoming  interstratified  with  beds  of  shale.  In  Olmsted 
county,  still  further  north,  the  Trenton  also  contains  numerous 
beds  of  shale  and  the  Galena  is  still  further  reduced.  The  beds  are 
traceable  by  continuous  or  frequent  outcrops  throughout  Goodhue 
and  Rice  counties,  with  an  increasing  amount  of  contained  shale 
in  the  Trenton,  and  finally  with  the  total  loss  of  the  Galena.  On 
account  of  the  soft  and  shaJy  nature  of  the  upper  beds,  bv  the  time 
they  reach  Ramsey  county  they  are  so  covered  with  the  greater 
drift  accumulations  that  their  presence  so  far  north  had  not  before 
been  suspected.  Here  is  an  ascertained  horizontp.!  chanee  in  the 
character  of  the  beds  of  this  formation,  between  the  southern  and 
central  poirtions  of  Minnesota,  which  brings  up  the  question  as  to 
the  designation  they  should  bear  at  St.  Paul.  They  are  the  hori- 
zontal equivalents  of  what  has  been  recognized  as  the  Trenton  form- 
ation in  the  southern  part  of  the  State,  and  in  neighboring  States, 
and  contain  the  same  fossils ;  but  they  have  the  litnological 
character  and  the  geological  position  of  another  well  organized 
group  of  rocks  in  Onio  and  northern  Wisconsin.  The  eastern  Cin- 
cinnati fossils  are  also  the  western  Trenton  fossils.  Here  we  have 
two  equally  well  established  names  for  the  same  series  of  beds. 

The  cause  of  this  gradual  change  in  the  formation  from  dolomitic 
limestone  to  a  pure  limestone,  and  then  to  an  argillaceous  lime- 
Btone,  and  at  last  to  a  mass  of  calcareous  shales,  is  to  be  sought  for 
m  the  character  of  the  ocean's  bed,  and  the  nature  of  the  water  and 
its  currents,  in  the  Silurian  ocean.  And  here  it  is  only  necessary 
to  apply  a  well  known  law  of  ocean  sedimentation,  viz. :  the  nearer 
the  shore  the  shallower  the  water,  and  the  coarser  the  sediment.  This 
seems  to  make  dolomitic  limestones  in  the  deepest  waters,  ordinary 
limestone  in  deep  water,  and  shales  and  sandstones  in  shoal  water. 
The  strike  of  the  formation  under  consideration  passes  through  all 
these  conditions  and  directly  toward  the  metamorphic  area  of  the 
State  which  lies  but  little  further  north.  Hence,  at  St.  Paul  the 
water  was  much  shallower  than  at  Rochester,  and  the  sedimenta- 
tion was  much  coarser  ;  while  at  Rochester  there  was  much  more 
shaly  sediment  than  at  Dubuque.  The  direction  of  the  strike  of 
•  these  rocks  in  New  York  State  is  along  the  shore-line  of  the  ancient 
ocean,  and  hence  the  opportunity  for  noting  this  change  was  much 
less  favorable.  In  Wisconsin  and  Minnesota  the  strike  is  north 
and  south,  and  in  Minnesota  rapidly  approaches  the  ancient  shore- 
line. 


Digitized  by 


Google 


84  ANNL'AL   REPORT. 

The    Drift, 

While  the  county  is  wholly  covered  with  a  red  hardpan  clay, 
believed  to  be  of  the  age  of  the  first  glacial  epoch,  it  shows  some 
variations  that  require  special  mention,  and  is  also  furnished  with  a 
lake  deposit  which  forms  the  surface  soil. 

At  St.  Paul  the  red  hardpan  is  found  uniformly  in  excavating  for 
buildings  in  all  that  low  area  about  the  levee,  and  in  the  deep  cuts 
through  the  gravelly  bluJBf  north  of  E.  Third  street.  Although 
here  it  is  covered  with  sometimes  more  than  forty  feet  of  lighter- 
colored  drift  materials,  it  emerges  from  under  these  immediately  on 
getting  outside  the  valley  either  north  or  south,  and  is  covered,  but 
sometimes  thinly,  with  the  loess  loam.  This  overlying  loose  drift  is 
found  along  the  Mississippi  valley  throughout  the  county,  and 
everywhere  shows  the  action  of  water  in  its  deposit.  It  very  seldom 
contains  any  clay,  and  when  it  does  the  clay  is  stony  and  has  a 
different  color  from  the  red  hardpan  clay.  Above  Fort  Snelling, 
and  in  the  western  part  of  Reserve  and  Rose  townships,  the  red 
hardpan  has  not  the  same  clayey  and  unmodified  character  that  it 
has  in  the  eastern  part  of  the  county.  It  seems  to  have  been  washed 
by  water,  and  in  that  manner  to  have  lost  some  of  its  clay,  while 
there  are  localities  where  materials  of  a  different  color,  particularly 
gravelly  deposits,  are  superimposed  or  mixed  with  it,  so  that  sections 
seen  along  the  western  part  of  University  Avenue  have  a  confused 
arrangement  and  mingling  of  the  coarse  water-worn  materials  of 
both  the  red  hardpan  and  the  gray,  with  occasional  patches  of  gray 
hardpan.  This  water-washed  condition  also  prevails  in  the  low 
gravelly  knolls  and  ridges  that  are  seen  occasionally  in  the  northern 
flat  part  of  the  county,  but  without  any  intermixture  of  materials 
referable  to  the  gray  hardpan.  In  the  high  and  rolling  tract  occu- 
pied by  the  Upper  Trenton,  this  red  hardpan  shows  to  the  best 
advantage,  whether  in  the  western  or  eastern  part  of  the  county. 
In  the  deep  excavations  made  in  St.  Paul  this  red  hardpan  is  seen 
to  be  overlain  by  a  fine  red  laminated  clay,  which  is  probably  of  the 
same  nature  and  origin  as  the  so-called  Tripoli  found  at  Stillwater, 
the  thickness  of  which  sometimes  reaches  six  or  eight  feet,  but 
which  in  some  places  is  entirely  wanting.  This  seems  to  be  related 
to  the  underlying  hardpan  sheet  somewhat  as  the  laminated  brick 
clays  and  loams  of  later  date  are  to  the  gray  hardpan  which  they 
overlie,  and  was  deposited  during  the  waning  period  of  the  former 
glacial  epoch,  and  when  water  was  abundant  but  comparatively 
quiet. 
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What  has  now  been  described,  /.  e.  the  red  hardpan  and  the  red 
laminated  clay  overlying  it,  were  the  products  of  a  glacial  epoch, 
which  brought  its  materials  from  the  north  and  northeast,  the  red 
color  being  due  to  the  prevalence  of  the  debris  of  red  sand- 
stone, shale,  and  other  iron-charged  rocks  that  are  developed 
largely  in  the  vicinity  of  Lake  Superior.  Whether  this  ice-period 
preceded  or  followed  the  excavation  of  the  immense  gorge  of  the 
Mississippi  which  is  visible  southward  from  Dayton's  Bluff  in  St. 
Paul,  is  not  ascertained  by  any  observed  facts,*  but  several  consider- 
ations would  require  a  date  subsequent  to  that  excavation — or  to 
the  greater  portion  of  it.  It  is  probable  the  Mississippi  began  to 
excavate  that  gorge  at  the  time  of  the  elevation  that  brought  the 
upper  Trenton  (or  the  Cincinnati)  above  the  Silurian  ocean,  an  event 
which  has  been  taken  to  divide  the  Silurian  in  America  into  two 
parts,  the  upper  and  the  lower.  In  that  case  it  is  the  oldest  portion 
of  the  Mississippi  gorge  at  present  known,  and  has  since  that  event 
carried  off  the  waters  of  the  Metamorphic  land  areas  of  Wisconsin 
and  Minnesota.  The  St.  Croix  valley  seems  to  be  equally  old,  and 
perhaps  served  lor  the  drainage  mainly  of  the  Wisconsin  area, 
while  this  carried  only  the  waters  of  the  Minnesota  area,  the 
two  uniting  then,  as  now,  at  or  near  Hastings.  The  sculptur- 
ing of  the  rocks  into  canyons  in  the  western  portion  of  Wisconsin,' 
and  their  uniform  trend  southwestwardly  show  they  must  always 
have  reached  either  the  ocean  or  a  great  river,  lying  in  that  direc- 
tion. Isolated  areas  of  the  Trenton  in  northwestern  Wisconsin,  as 
well  as  in  central  Minnesota,  left  to  the  present  without  destruc- 
tion, though  surrounded  by  larger  areas  of  older  formations  deeply 
cut  by  the  same  forces  into  gorges  and  wide  valle)^,  point  directly 
to  the  close  of  the  Lower  Silurian  as  the  starting  point  of  the  his- 
tory of  this  part  of  the  Mississippi  valley.  The  rest  of  the  valley- 
gorge,  even  to  the  Gulf  of  Mexico,  being  composed  of  much  later 
formations,  must  have  been  unformed,  even  buried  in  the  slowly 
accumulating  sediments  of  the  ocean  for  many  ages  later.  If  some  • 
portions  of  it  are  wider,  or  deeper,  than  this,  it  is  due  to  greater 
volume  of  water,  and  to  softer  rocks,  not  to  greater  age.  It  is 
probable,  then,  that  the  advent  of  the  first  glacial  period  did  not 
divert  the  Mississippi  river  from  its  channel  below  St.  Paul.  But 
the  valley  is  much  narrower  above  St.  Paul  than  it  is  below,  and 
this  continues  indefinitely  southwestwardly  by  way  of  the  Minne- 
sota valley.  This  is  very  noticeable  on  examining  the  geological 
map  accompanying  this  report.  There  is  also  a  significant  change 
in  the  direction,  and  one  the  more  significant  as  it  seems  not  to  have 
bee4  due  to  any  rock  formation  existing  at  St.  Paul,  but  directly 
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contrary  to  the  rock  sculpturing  that  exists  there  favorable  to  the 
continuance  of  the  river  in  any  preoccupied  valley  running  in  the 
same  direction.  Allusion  has  been  made  to  a  possible  ancient  gorge 
through  the  Trenton  north  of  St.  Paul  in  describing  the  suriace 
features  of  the  county,  but  in  the  geological  map  of  the  county  no 
such  gorge  is  represented,  because  it  never  has  actually  been  dis- 
covered, and  its  hypothetical  location  would  perhaps  be  of  no  ser- 
vice. 

These  anomalous  and  significant  facts  can  all  be  reasonably  ex- 
plained on  the  supposition  that  the  Mississippi  river  was  diverted 
from  its  ancient  valley-gorge,  north  of  St.  Paul  by  the  ice  imd  drift 
of  the  first  glacial  epoch,  and  that  it  was  driven  into  that  which  has 
been  described  in  the  report  on  Hennepin  county,  toward  the  west 
further,  and  joined  the  Minnesota  valley  at  some  point  above  Fort 
Snelling,  but  between  that  point  and  Shakopee,  without  passing 
over  or  through  the  Trenton  limestone  at  all.  Their  united  waters 
then  formed  the  river  which  excavated  the  gorge  between  Fort 
Snelling  and  St.  Paul  (unless  the  Minnesota  alone  had  already  done 
it)  between  the  first  and  second  glacial  epochs. 

When  the  second  glacial  epoch  came  on,  the  country  must  hare 
been  more  or  less  covered  with  constant  or  periodical  ice  sheets  for 
many  miles  south  of  th^  line  limiting  actual  glacier  movement. 
These  minor  local  and  seasonal  ice-areas  produced  their  subordinate 
eflfects,  but  so  similar  to  those  of  the  great  moving  glacier  itself  that 
it  is  rendered  very  difficult,  except  with  the  aid  of  certain  marked 
differences  in  the  nature  of  the  transported  material,  or  some  fortu- 
nate topographical  or  other  evidence,  to  define  the  area  of  the  second 
great  glacier  asf  compared  with  that  of  the  first.  These  local  ice- 
areas,  which  could  not  have  had  much  movement  as  ice,  served  to 
disturb  the  surface  of  the  old  drift,  and,  by  the  water  they  afforded 
on  breaking  up  perioiicall}'-,  to  carry  away  the  clayey  parts,  and  to 
mix  superficially  the  materials  of  the  new  drift  with  the  old.  At 
points,  like  that  of  Hennepin  and  Ramsey  counties,  where  a  great 
river  course  co-operates  to  mix  these  materials'  we  would  necessarily 
see  the  new  extending  farthest  over  the  old.  and  even  the  effects  of 
ice  in  large  masses  extending  down  the  valley's  further  than  on  the 
uplands. 

In  Hennepin  county,  and  generally  over  the  northwestern  pai't 
of  the  State,  are  evidences  that  the  ice  of  the  second  glacial  epoch 
moved  rather  from  the  northwest  than  from  the  northeast.  (See 
Hennepin  county  report,  1876.)  The  washed  surface  of  the  old 
drift,  and  the  area  of  the  loess-loam,  both  indicate  that  Ramsey 
county  and  the  southeastern  part  of  Hennepin  were  not  disturbed 
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generally  by  the  glacial  ice  of  this  epoch.  The  disturbance,  however, 
was  suflBcient  to  choke  up  again  the  Mississippi  river,  and  at  the 
mouth  of  Bassett's  creek  in  Minneapolis,  to  drive  it  to  the  east, 
as  fully  detailed  in  the  report  on  Hennepin  county,  thus  bringing  it 
into  the  channel  that  it  now  occupies  between  Bassett's  creek  and 
Fort  Snelling. 

The  drift  of  the  second  glacial  epoch  is  found  as  a  stony  clay  in 
few  places  in  Ramsey  county.  In  some  of  the  excavations  at  St. 
Paul,  in  the  lower  portions  of  the  city,  a  gray  hardpan  is  found, 
and  there  may  be  a  considerable  of  it  even  under  the  water  of  the 
river  itself,  filling  a  deep  gorge,  but  it  lies  over  the  red  hardpan 
when  that  also  is  present.  The  disintegration  and  wash  from  the 
shales  of  the  Upper  Trenton  seems  also  to  have  mixed  with  the  drift 
at  St.  Paul  so  abundantly  as  to  produce  a  stony  gray  clay  which  is 
hardly  distinguishable  from  the  true  glacial  clay.  Some  parts  of 
Reserve  township  also  show  patches  of  the  gray  hardpan,  rather 
mixed  with  than  overlying  the  red. 

As~^  gravel  or  course  sand,  the  product  of  the  second  glacial  epoch 
is  much  more  abundant  in  Ramsey  county.  The  gray  gravel  and 
sand,  with  the  washed  limestone  pieces  and  boulders  composing  the 
blufis  and  hills  that  have  been  so  much  excavated  for  streets  at  St. 
Paul,  are  the  modified  product  of  the  second  glacial  epoch,  modified 
at  the  time  of  their  origin  and  deposition  by  the  water  resulting 
from  the  disintegrating  margin  of  the  glacier  (perhaps  here  feebly 
extended  to  this  point)  but  augmented  by  the  co-operation  of  the 
natural  waters  of  the  Mississippi,  then  swollen  to  great  dimensions. 
The  same  deposit,  but  much  less  abundant,  produced  by  the  same 
agency  (except  the  presence  of  the  Mississippi)  is  spread  over  much 
of  Reserve  or  Rose  townships,  and  has  already  been  alluded  to  as 
the  indirect  effect  of  the  second  glacial  epoch  over  the  pre-existing 
drift  surfaces. 

Occasional  pieces  of  northern  limestone  are  found  in  the  drift 
ridges  and  knolls  about  Mudhole  and  Fitzhugh  and  Gervais  lakes, 
and  two  pieces  of  native  copper  were  found  on  the  south  side  of 
White  Bear  lake,  near  the  Ramsey  couaiy  line.  Indistinct  glacial 
marks  in  West  St.  Paul,  under  the  red  hardpan,  run  W.  N.  W.; 
but  this  was  an  unsatisfactory  observation. 

The  Loess  Loam, 

That  this  deposit  is  the  result  of  widespread  diffusion  of  fresh 
water,  at  the  time  of  the  last  glacial  epoch,  over  those  surfaces 
either  drift-covered  or  not,  which  were  not  at  the  time  affected  by 
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the  glacier  movement,  is  highly  probable  ;  but  what  the  peculiar 
circumstances  and  causes  of  such  gentle  diflFusion  of  nearly  tranquil 
waters  were,  it  is  not  yet  possible  satisfactorily  to  detail.  The  loess 
loam  is  found  in  all  parts  of  Ramsey  county,  but  it  varies  in  thick- 
ness and  in  composition.  It  is  thin  or  wholly  wanting  in  some 
rolling  gravelly  tracts,  and  is  very  thick  in  some  confined  valleys. 
It  is  sandy,  or  graduates  downward  into  sand,  in  much  of  the  noi  ihr 
ern  part  of  the  county,  particularly  in  Rice  Creek  vailey,  and  in 
some  places  in  the  bluffs  of  the  Mississippi  below  St.  Paul,  and  it  is 
fine  and  somewhat  clayey  in  the  high  and  rolling  clay  tract  in  the 
eastern  part  of  the  county,  particularly  in  the  eastern  part  of  New 
Canada.  It  forms  a  very  fine  soil  for  farm  crops.  It  covers  the 
boulders  and  gravelly  clay  of  the  real  drift.  It  fills  some  old  valleys 
— indeed  is  always  thicker  in  valleys  than  on  the  uplands.  It  is 
occasionally  stratified  and  passes  into  sand  below  in  places  where 
agitated  water  was  abundant  enough  to  have  moved  such  materials 
before  the  epoch  of  the  loam.  In  other  cases  it  is  placed  abruptly 
immediately  over  a  coarse,  gravelly  or  boulder-bearing  stratum. 

In  the  southwestern  corner  of  the  state  (Rock  and  Pipestone 
counties)  there  is  a  gradual  change  from  stony  boulder-clay  to  the 
loess  loam,  horizontally,  in  passing  from  the  Coteau  de  Prairie  (in 
Lyon  and  Murray  counties)  southward  to  the  Iowa  state  line.  Ex- 
posures along  the  banks  of  creeks,  and  the  digging  of  wells,  make 
this  plain.  There  is  a  gradual  loss  of  boulders,  then  of  the  small 
stones,  then  of  gravel ;  and  an  equally  gradual  increase  of  the  char- 
acteristic features  of  the  loess-loam, — close,  clayey  consistency^ 
crumbling  in  the  air  like  slacking  quicklime,  and  white  limy  con- 
cretions. In  some  cases  the  concretions,  which  have  been  so  often 
mentioned  as  a  peculiarity  of  the  loess-loam,  are  in  the  same  deposit 
with  small  gravel  stones  of  northern  origin  ;  and  pieces  of  northern 
limestone.  The  drift  clay,  true  northern  boulder  clay,  the  product 
of  glaciers,  thus  changes  gradually  into  a  true  loess-loam,  the  pro- 
duct of  aqueous  agencies.  While  this  indicates  for  that  locality,  at 
.  least,  a  merging  of  one  force  into  the  other,  and  the  slowness  of  the 
change,  through  an  interval  of  about  50  miles  in  a  broad,  level,  oi^n 
country,  it  perhaps  gives  the  key  to  the  events  that  occurred  in 
other  latitudes  where  the  surface  was  more  broken,  and  where  the 
effects  are  more  complicated  by  not  having  all  the  steps  recorded. 
Just  as  in  the  older  geological  formations,  wherever  the  series  is 
complete,  without  sudden  transitions,  the  history  is  best  known,  so 
in  the  history  of  the  drift,  where  the  effects  change  gradually,  are 
the  records  of  "  lost "  epochs,  and  these  "  beds  of  transition  "  need 
the  closest  scrutiny,  being  the  only  evidence  of  what  transpired 
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between  formations  which  in  other  regions  pass  abruptly  from  one 
to  the  other.  This  here  indicates  that  the  age  of  the  loess-loam.was 
cotemporary  with  that  of  the  boulder  clay  in  the  Coteau  de  Prairie. 
There  must  be  some  explanation  given  for  the  co-existence  of  these 
forces  which  spread  the  loam  and  those  which  brought  the  glacial 
drift.  In  other  words,  if  the  loam,  which  is  sometimes  a  laminated 
clay,  be  regarded  as  the  equivalent  in  age  of  the  fine  laminated  clays 
of  the  great  lakes  and  of  other  high-water  marks  in  the  northwest, 
which  have  been  referred  to  a  distinct  "  epoch  "  by  Dana  and  others 
(the  Champlain),  then  that  epoch  was  not  subsequent  in  time  to  the 
glacial  epoch  but  cotemporary  with  it,  and  its  phenomena  diflFer  from 
those  of  the  last  glacial  epoch  because  they  have  been  studied  at 
distant  points  where  they  are  contrasted,  and  where  the  glacial 
winter  operated  differently.  Where  there  is  an  immediate  succes- 
sion of  superposition,  that  fact  in  the  drift  does  not  imply  immediate 
succession  in  time  any  more  than  it  does  in  the  Silurian  rocks,  a 
fact  which  has  been  ignored  many  times  ;  and  hence  have  resulted 
a  great  many  special  histories  and  theories.  The  loess-loam,  for 
instance,  lies  on  the  older  drift  clay  all  along  the  Mississippi  valley, 
and  has  generally  been  taken  to  prove  an  immediate  transition  from 
the  drift-epoch  to  the  loam-epoch,  when  really  a  long  period  of 
time,  involving  forest  growths  and  the  slow  on-coming  of  a  glacial 
epoch,  intervened,  the  loam  itself  passing  horizontally  into  the 
glaciai  deposits  of  that  epoch. 

So  in  Ramsey  county  th6  loam  has  been  seen  to  follow  by  insens- 
ible gradations  from  a  sand  or  even  a  fine  gravel,  the  change  here 
taking  place  perpendicularly.  In  this  case  the  coarser  deposit  below 
was  the  result  of  more  copious  and  more  agitated  water,  as  in  the 
bluff-terraces  below  St.  Paul,  or  in  the  washed  materials  in  the 
western  part  of  Reserve  township,  and  the  loam  the  result  of  the 
diminution  and  more  ^uiet  state  of  the  same  waters.  Thus,  if  the 
waters  which  overspread  and  washed  the  old  drift  and  formed  the 
gravelly  terraces  of  the  Mississippi  came  from  the  ice-fields  of  a  con- 
temporary glacier  lying  further  north,  then  the  waters  which  spread 
the  loam,  a  finer  deposit,  also  came  from  the  same  source,  operating 
a  little  later,  and  with  diminished  force. 

Wells  in  Ramsey  County. 

Good  water  for  all  household  purposes  is  obtained  in  Ramsey 
county  with  little  effort,  in  shallow  wells  that  seldom  pass  through 
the  drift,  the  majority  of  them  being  less  than  twenty-five  feet  deep. 
Throughout  the  northern  portion  of  the  county  water  is  generally 
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found  in  sand,  or  below  a  sandy  loam,  which  also  rises  to  the  surface 
forming  the  soil  and  subsoil.  The  underlying  clay  is  seldom  pene- 
trated to  any  great  depth.  But  in  the  southern  portion  wells  more 
frequently  are  deeper,  and  obtain  water  in  gravel  after  passing 
through  not  only  the  surface  loam  but  also  a  greater  or  less  amount 
of  red  clay. 

Material  Resources — Timber. 

The  county  is  generally  clothed  with  a  scant  forest  growth,  but 
the  trees  are  small.  There  is  not  much  timber  of  imy  sort  suitable 
for  lumber,  and  it  is  not  much  cut  for  fuel.  Farmers  cut  some  and 
haul  it  to  St.  Paul,  but  the  wood  fuel  of  St.  Paul  is  very  largely 
supplied  from  the  '^  Big  Woods,"  west  of  the  Mississippi  river. 

The  county  has  generally  a  good  soil,  the  most  of  which  still  lies 
in  its  primeval  condition.  So  far  as  the  natural  resources  of  the 
county  are  concerned,  tliey  lie  in  its  soil  to  a  greater  extent  than  in 
any  thing  else. 

Building  Stone, 

The  stratum  of  the  Lower  Trenton  used  at  S^.  Paul  is  the  same 
as  at  Minneapolis,  and  furnislieo  a  stone  similar  in  all  respects. 
The  stone  for  the  piers  of  the  bridge  over  the  Mississippi  was  taken 
out  in  West  St.  Paul,  but  about  half  a  mile  above  the  bridge. 

The  quarries  in  W^est  St.  Paul  are  in  the  public  street,  and  are 
worked  by  Adam  Rowe. 

On  the  other  side  of  the  river,  Mr.  Sigler  has  quarries  in  operation 
on  Stewart  Avenue,  near  Leech  street.  The  most  important  quar- 
ries in  St.  Paul  are  near  the  Stat^  Capitol,  but  there  are  a  great 
many  other  small  openings  in  different  parts  of  the  city. 

Although  this  formation  has  been  used  in  the  majority  of  the 
stone  buildings  in  St.  Paul,  and  makes  a  fine  appearance,  yet  its 
tendency  to  disintegrate  has  caused  it  to  be  less  regarded,  and  has 
led  to  the  introduction  of  other  building  stone.  The  U.  S.  Custom 
House  is  built  of  Sauk  Rapids  granite,  and  the  Baptist  Church 
of  the  Shakopee  limestone  quarried  at  Kasota. 

Along  the  south  side  of  White  Bear  lake,  Sec.  32,  Grant,  Wash- 
ington county,  are  exposures  of  the  Trenton,  some  of  which  have 
been  opened  by  Messrs.  Walter  and  Weaver.  Another  is  on  the 
land  of  Mr.  Huffman  on  Sec.  30,  nearer  the  lake,  in  the  bluffe  facing 
northeast;  and  still  others  are  further  south  and  east.  There  is 
^very  reason  for  expecting  as  good  building  stone  here  as  at  St. 
Paul,  except  that  the  beds  would  naturally  be  a  little  more  shaly, 
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being  situated  nearer  the  ancient  shore  line  when  the  deposit  was 
forming,  and  for  the  same  reason  that  makes  the  Trenton  at  St. 
Paul  more  shaly  than  at  Faribault.  These  exposures,  however,  have 
not  been  much  worked,  and  do  not  seem  to  be  generally  known. 

Mills  and  Water-Powers, 

The  St  Paul  Mills^  St.  Paul,  are  owned  by  Henry  Shaber,  and 
are  on  Phalen's  creek.  They  have  three  run  of  stone  for  flour  and 
one  for  feed.  Have  20  feet  fall  of  water,  and  turbine  wheel.  Only 
grind  for  custom  use. 

The  Brainerd  Mills^  (Thau  and  Ham),  have  three  runs  for  flour 
and  one  for  feed,  and  are  also  in  Phalen's  creek,  with  30  feet  fall  and 
turbine  ;  custom  and  shipping. 

T^e  City  Mills^  (Lownsman,  owner)  St.  Paul,  have  two  runs  of 
stone  for  flour,  and  19  feet  fall ;  custom,  only. 

The  North  Star  Mills  are  also  at  St.  Paul,  and  have  three  runs  of 
stone  for  custom  work,  and  19  feet  fall,  owned  by  Protz  and  Braun. 

The  Union  Mills  are  owned  by  W.  Lindeke,  with  four  run  of 
stone,  and  20  feet  fall,  situated  at  St.  Paul. 

The  last  three  above  are  run  by  overshot  water-wheels. 

The  Reserve  Mill  are  on  the  Fort  Snelling  rpad,  at  St.  Paul,  and 
are  only  calculated  for  grinding  feed  ;  have  two  runs  of  stone  and 
20  or  21  feet  fall ;  owned  by  —  Cunrad.  These  mills  used  to  do 
flouring. 

Brick  in  Ramsey  County, 

John  Jaeger,  St.  Paul,  on  Dayton^s  blufl^,  makes  red  brick  from 
the  loess  loam. 

Graham  &  Co.,  W.  St.  Paul,  make  red  brick  from  clay  taken  from 
the  alluvium  of  the  flood  plain.  This  yard,  however,  is  now  inactive, 
and  is  owned  by  John  Jaeger^ 

Section  32,  White  Bear.  Formerly  a  good  red  brick  was  manu- 
factured at  a  point  between  the  railroad  and  the  lake  shore  ( Vadnais 
lake),  from  the  surface  loam  that  here  covers  the  country,  but  as 
the  owners  were  not  much  patronized,  owing  to  the  general  financial 
depression  which  retarded  all  building,  the  yard  was  closed,  and  re- 
mains so. 

The  brick  clay  which  is  seen  in  the  bluffs  at  St.  Paul,  in  the  ex- 
cavations made  for  street  purposes  on  Fifth  street,  between  Sibley 
and  Wacouta,  lies  between  deposits  of  coarse  gravel  and  stones,  all 
water-washed.  This  clay,  which  is  probably  the  near  ecjuivalent  in 
age  and  nature  of  the  brick  clay  so  extensively  used  for  brick  at 
Minneapolis  and  Carver,  has  not  been  thus  employed  at  St.  Paul. 
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Earthworks. 

On  Dayton's  BluflF  are  several  large  mounds,  one  being  about  six 
feet  high  and  30  or  40  feet  across. 

At  White  Bear  Lake  is  a  large  artificial  mound,  about  12  feet 
high  and  35  or''40  teet  across.  It  is  close  to  the  shore  of  the  lake, 
within  the  village,  on  lot  2,  on  the  road  to  Goose  Lake. 

In  Dayton's-  bluflF,  on  P.  Kelly's  place,  is  a  covered  cave  in  the 
white  sandstone,  not  far  from  Carver's  cave,  in  which  is  a  deposit 
of  clay  containing  lumps,  and  some  large  pieces,  of  what  goes  by  the 
local  name  of  "kaolin."  It  is  purely  white,  tasteless,  and  gritless, 
and  seems  to  be  the  same  as  the  white  veinings  found  in  the  lacus- 
trine clay  of  the  Red  river  valley.  This  clay  is  said  to  completely 
fill  the  cave,  which  was  discovered  in  digging  to  make  room  for  a 
house  and  bam  in  the  lower  part  of  the  bluff.  The  clay  resembles 
that  seen  at  Mankato  in  the  nooks  of  the  Shakopee  rocks,  as  de- 
scribed in  th6  Second  Annual  Report,  but  it  has  not  been  possible 
to  give  it,  nor  the  cave,  any  satisfactory  examination.  It  is  prob- 
ably of  the  nature  of  Carver's  cave  itself ;  and  they  should  both  be 
carefully  examined  for  traces  of  ancient  habitation. 

In  another  part  of  the  Annual  Report  for  1877  will  be  found 
further  account  of  early  man  in  Ramsey  county,  and  illustrations 
of  some  implements  found  in  St.  Paul. 

The  survey  of  Ramsey  county  was  facilitated  by  the  active  inter- 
est and  guidance  of  Hon.  C.  S.  Bryant,  of  St.  Paul. 
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THE  GEOLOGY  OF  ROCK  AND  PIPESTONE 
COUNTIES. 


Situation  mid  Area, 

These  counties  form  a  rectangle  running  north  and  south,  in  the 
rery  southwestern  corner  of  the  State,  and  border  on  Iowa  and 
Dakota.  They  have  a  width  of  a  little  more  than  three  government 
towns,  and  each  a  length  of  four. 
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Surveying  Statistics  of  Rock  County, 
BY  p.  E.  «NOW. 
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Surveying  Statistics  of  Pipestone  County. 

BY  F.  B.  SNOW. 
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Natural  Drainage. 

The  drainage  is  toward  the  south  and  southwest,  and  finally 
enters  the  Missouri  river  near  Sioux  City,  in  Iowa,  being  the  only 
water  from  the  State  of  Minnesota,  that  takes  that  route  to  the 
Gulf  of  Mexico.  The  main  stream  is  Rock  river,  which  flows  almost 
due  south,  receiving  several  tributaries  from  the  east,  but  none  that 
are  important  from  the  west.  Other  streams  rise  west  of  Rock  river, 
having  their  headwaters  near  that  stream,  but  flow  westward,  leaving 
the  State,  and  finally  reaching  Big  Sioux  river.  These  latter  are 
the  Flandrau,  Pipestone,  Splitrock  and  Beaver  creeks. 

These  streams  are  all  small,  and  in  the  summer  time  some  are 
rather  valleys  where  gathers  a  little  water,  than  living  streams. 
They  furnish  no  water- powers  that  have  been  improved,  as  yet, 
though  without  doubt,  some  parts  of  Rock  river  would  furnish 
sufficient  fall  for  milling  by  a  little  artificial  aid. 

Surface  Features. 

These  are  emphatically  prairie  counties,  and  are  nearly  level  over 
large  tracts.  They  are  undulating  in  their  eastern  portions,  due  to 
the  existence  of  more  numerous  streams  whose  valle5^s  lie  rather 
deeply  below  the  general  level.  Along  the  valley  of  Rock  river  and 
its  tributaries  is  the  greatest  diversity  seen  in  these  counties,  and 
this  is  mainly  confined  to  Rock  county,  though  the  high  peninsula 
between  Rock  river  and  Chanaranbie  creek  in  the  southeastern  part 
of  Pipestone  is  a  prominent  object  in  the  horizon  for  many  miles. 

Rock  river  valley  is  about  a  mile  or  a  mile  and  a  half  wide.  The 
immediate  banks  are  from  six  to  ten  feet  above  the  water,  and  are 
composed  of  gravel,  which  is  sometimes  coarse,  and  is  very  largely 
made  up  of  limestone.  The  outer  banks  are  from  fifty  to  seventy- 
five  feet  higher,  and  on  the  eastern  side  are  more  stony  with  foreign 
boulders  than  on  the  west,  a  circumstance,  however,  which  may  be 
owing  to  the  action  of  the  prevailing  western  winds,  which  would 
uncover  and  keep  bare  the  coarser  materials  of  the  surface  by  blow- 
ing away  the  sand  and  clay  during  the  dry  and  windy  months  of 
the  year,  while  the  blufis  on  the  west  side  would  not  only  not  receive 
such  winds,  but  would  serve  to  collect  all  particles  fiying  toward 
the  ^t  from  the  prairie  above. 

The  range  of  high  rocky  land  running  northwest  from  Mound, 
near  Lu  Verne,  is  a  conspicuous  object  in  the  horizon  from  the  north 
and  east,  and  looks  like  the  Coteau  from  Marshall.  The  highest 
point  is  where  it  breaks  off  squarely  to  the  valley  of  Rock  river,  and 
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is  distinctively  known  as  "  The  Mound/'  There  is  no  rock  south 
or  east  of  that,  except  occasional  boulders,  which  are  common  along 
the  drift  bluffs  of  Eanaranza  creek. 

The  country  northeast  from  Lu  Verne,  along  the  Champepedan 
creek,  and  toward  the  "Lost  Timber'^  (Sec.  2.  T.  105,  R.  43  W.)  is 
in  general,  a  fine  undulating  prairie,  the  subsoil  being  a  yellowish, 
gravelly  and  stony  clay,  with  rarely  a  visible  boulder. 

The  bluffs  of  Chanaranbie  creek  and  Rock  river,  in  Pipestone 
county,  ai-e  abrupt  and  from  75  to  100  feet  high,  compn^jed  of  drift. 
There  are  here  a  great  many  short,  sharp  ravines,  branching  from 
these  valleys,  cut  deeply,  like  the  ravines  in  the  bad  lands  of  Mon- 
tana.   The  flat  bottom  lands  support  a  heavy  growth  of  grass. 

Beaver  creek  valley  is  broad,  with  changing  rolling  bluffs,  about 
half  a  mile  wide,  with  no  terraces.  The  low  land  is  cultivable,  but 
little  water  being  in  the  valley.  The  upland  is  also  undulating  or 
rolling,  a  prairie,  with  no  shrubs  nor  trees,  nor  stones.  The  soil  is 
the  loam,  which  becomes  more  and  more  like  the  loess  loam  of  the 
Missouri,  toward  the  south,  while  toward  the  north  it  is  more  grav- 
elly and  stony.  Along  Beaver  creek  the  stones  are  very  scarce,  but 
they  do  occur  along  the  brows  of  knolls,  and  are  struck  in  digging 
wells,  even  in  this  loam. 

Pipestone  county  is  more  uniformly  a  smooth  prairie  than  Rock, 
and  is  marked  by  long  ridges  or  swells,  corresponding  to  the  low 
water-sheds  running  north  and  south.      The  subsoil  of  this  county 
is  nearly  everywhere  a  gravelly  or  stony  clay,  but  becomes  finer 
toward  the  surface,  and  in  the  soil  it  is  rare  to  see  a  northern  boulder. 
There  are  but  few  settlers  in  Pipestone  county,  and  Rock  county 
has  but  lately  been  occupied.    Pipestone  city  is  a  "  paper  town  " 
and  has  three  houses,  one  of  which  is  occupied  and  accommodates 
the  only  post-office  in  the  county  ;  but  it  is  on  the  line  of  the  prob- 
able extension  of  the  Southern  Minnesota  railroad.    Land  in  both 
counties  is  rapidly  being  taken  both  by  settlement  and  purch*^r^i 
the  new  settlers  being  generally  farmers  from  the  eastern  part  of 
Minnesota  or  from  further  east. 

THE  GEOLOGICAL  STRUCTURE. 

The  only  known  bedded  rock  in  these  counties  is  a  red  quartzy  te, 
probably  the  equivalent  of  the  New  York  Potsdam  Sandstone^  but 
which  Dr.  C.  A.  White,  of  the  Iowa  survey,  has  designated  the  Sioux 
Qiiartzyte^  as  it  is  seen  to  outcrop  in  the  extreme  northwestern  cor- 
ner of  Iowa.  Of  this  the  largest  exposures  are  in  Rock  county,  but 
the  best  known  is  at  the  famous  "  Pipstone  Quarry,"  near  the  cen- 
ter of  Pipestone  county. 
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As  this  locality  has  become  somewhat  famous  on  account  of  the 
extensive  use  made  of  the  red  pipestone  bj  the  Indians,  and  the 
difference  of  opinion  expressed  by  scientists  as  to  its  origin  and  age, 
the  following  resume  will  be  of  interest : 

The  first  written  account  of  the  quarry  was  by  George  Catlin^ 
found  in  the  38th  volume  of  the  First  Series  of  the  American  Jour- 
nal of  Science  and  Arts,  p.  138,  in  a  letter  addressed  to  Dr.  C.  T. 
Jackson,  to  whom  he  also  sent  a  sample  of  the  pipestone  for  analysis. 
The  journey  was  made  on  horseback  from  the  falls  of  St.  Anthony, 
in  the  summer  of  1836,  in  company  with  ^*  a  young  gentleman  from 
England,  of  fine  taste  and  education,'^  and  a  single  Indian  guide. 
Mr.  Catlin  describes  the  quarry  as  "  on  the  very  top  "  of  the  Coteau 
des  Prairies  which  rises  above  the  country  about  it  with  graceful 
and  almost  imperceptible  swells.  The  quartzy  te  he  regards  "  a  sec- 
ondary or  sedimentary  deposit,"  but  no  further  defines  its  supposed 
age. 

Jean  N.  Nicollet  visited  the  quarry  in  July  1838,  as  is  plainly 
shoAvn  bv  his  own  name  and  *date  for  that  year,  together  with  the 
initials  of  his  companions,  boldly  and  artistically  cut  on  the 
quartzy  te,  at  the  top  of  the  ledge,  near  the  "Leaping  Rock,"  and  a. 
little  north  of  where  the  creek  passes  over  the  brow  of  the  escarp- 
ment. His  '*  Report,  intended  to  illustrate  a  Map  of  the  Hydro- 
graphical  Basin  of  the  Upper  Mississippi  river,"  is  "  Document  237,^* 
of  the  second  session  of  the  26th  Congress,  ordered  printed  Feb,^ 
1841.  He  gives  no  opinion  of  the  age  of  the  rock,  but  quotes  Dr, 
Jackson's  analysis  of  the  pipestone,  or  Catlinite^  as  it  was  named  by 
Jackson.  "  As  a  mineralogical  species  it  may  be  described  as  fol- 
lows :  compact ;  structure  slaty  ;  receiving  a  dull  polish  ;  having  a 
red  streak  ;  color  blood  red,  with  dots  of  a  fainter  shade  of  the  same 
color  ;  fracture  rough  :  sectile  ;  feel  somewhat  greasy  ;  hardness 
not  yielding  to  the  nail ;  not  scratched  by  selenite,  but  easily  by 
calcreous  spar  ;  specific  gravity  2.90.  The  acids  have  no  actioa 
upon  it ;  before  the  blowpip)e  it  is  infusible  per  se^  but  with  borar 
gives  a  green  glass,"  While  Prof.  Jackson  assimilates  it  to  agal- 
matolite  {pinite  of  Dana)  Nicollet  regarded  it  as  differing  very  ma- 
terially from  it  in  general  aspect,  its  conduct  before  the  blowpipe, 
and  its  total  insolubility  in  sulphuric  acid. 

Prof.  James  Hall,  next  in  chronological  order,  read  a  paper  before 
the  American  Philosophical  Society  in  June,  1866,  in  which,  among 
notes  on  the  geology  of  some  of  the  western  portions  of  Minnesota,, 
he  classes  the  red  quartzite  as  Huronian.  He  imagines  the  Coteau 
des  Prairies  caused  by  a  vast  synclinal  in  the  rocks  of  this  ^e.  He 
did  not  see  the  pipestone  quarry  itself,  having  only  gone  to  Lake 
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Shetek,  where  he  describes  a  wall  of  rock  which  he  thinks  the  same 
in  age.    His  examinations  were  made  in  1865.    His  is  the  first  ^ 
attempt  to  fix  the  age  of  this  rock. 

Dr.  F.  V.  Hayden  visited  and  examined  the  locality  in  October, 
1866,  and  his  account  is  in  the  American  Journal  of  Science  and 
Arts  for  January,  1867.  After  examining  rock  of  the  same  kind  on 
the  James  and  Vermilion  rivers,  in  Dakota,  and  at  Sioux  Falls,  on 
the  Big  Sioux  river,  he  gives  an  interesting  detailed  description  of 
the  quarry,  and  inclines  to  the  opinion  that  the  quartzyte  is  supra- 
carboniferous,  Triassic  perhaps,  or  an  extension  downward  of  Cre- 
taceous No.  1. 

Dr.  C.  A.  White  has  given  a  description  of  a  "  Trip  to  the  Great 
Red  Pipestone  Quarry,"  in  the  American  Naturalist  for  1868-9,  but 
he  does  not  there  state  anything  concerning  the  age  of  these  rocks, 
though  elsewhere,  he  has  ranked  them  as  pre-Silurian,  and  named 
the  formation  the  "  Sioux  Quartzyte/'  (Geology  of  Iowa,  1870). 

The  reader  is  further  referred  to  the  first  and  second  Annual  Re- 
ports for  reasons  for  believing  this  formation  to  be  the  equivalent 
of  the  Potsdam  sandstone  of  New  York. 

The  known  area  of  this  rock  in  Rock  and  Pipestone  counties  is 
approximately  marked  out  on  the  accompanying  map,  but  there  is 
much  probability  of  its  being  much  greater,  and  perhaps  to  include 
thegreater  portion  of  both  counties.  The  Cretaceous  formation, 
no  doubt,  also  occurs  in  the  northern  part  of  Pipestone  county,  and 
overlies  unconformably  the  quartzyte  in  other  places,  but  it  has  not 
been  seen.  Dr.  Hayden  has  mentioned  such  facts  in  his  account  of 
the  geology  of  southwestern  Dakota,  occurring  at  or  near  the 
mouth  of  Firesteel  creek,  on  the  James  river. 

At  the  Red  Pipestone  quarry  there  is  a  ledge  of  rock  which  runs 
north  and  south  nearly  three  miles.  This  ledge  of  rock  consists  of 
layers  of  red  quartzyte  that  have  a  dip  of  fifteen  or  twenty  degrees 
toward  the  east,  so  that  the  rock  soon  disappears  under  the  prairie 
in  that  direction,  but  presents  a  nearly  perpendicular  escarpment 
toward  the  west,  formed  by  the  broken  off  heavy  layers  of  the  rock  ; 
though  its  greatest  hight,  which  is  not.  more  than  25  feet,  is  a  little 
north  of  the  present  pipestone  quarry.  It  also  gradually  disappears 
under  the  prairie  both  toward  the  north  and  toward  the  south,  the 
lower  ground  on  the  west  of  the  escarpment  slowly  rising,  in  those 
directions  like  the  sides  of  a  basin,  and  coalescing  with  that  on  the 
east  of  the  ledge.  A  small  stream,  dry  some  parts  of  the  year, 
known  as  Pipestone  creek  works  northwestwardly  and  passes  over 
the  ledge  from  the  upper  prairie  to  the  lowei;  with  a  perpendicular 
fall  of  about  18  feet.    In  the  vicinity  of  this  fall,  and  also  at  one  or 
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two  places  further  south,  are  dwarfed  bur-oaks  and  shrubs,  but  the 
country  in  all  directions  for  many  miles  is  a  prairie  which  has  a 
great  monotony  of  surface.  It  is  not  on  the  top  of  the  Coteau  de 
Prairie,  as  supposed  by  Catlin,  that  range  of  hills  being  J25  or  30 
miles  further  northeast.  Mr.  Catlin  seems  to  have  correctly  de- 
scribed the  eastern  ascent  of  the  Coteau  as  rising  with  almost  im- 
perceptible swells  above  the  prairies  further  east,  but  failed  to  ob- 
serve when  he  passed  down  the  western  slopes,  that  the  real  Coteau 
dies  out  still  more  insensibly  into  the  prairies  on  the  western  side. 
The  Coteau  passes  nearly  through  the  middle  of  Lyon  county,  the 
northeastern  quarter  of  Murray,  the  southwestern  part  of  Cotton- 
wood, and  leaves  the  state  along  the  western  side  of  the  DesMoines 
river,  in  Jackson  county,  gradually  becoming  less  noticeable.  It 
is  characterized  by  numerous  lakes  and  gravelly  drift  hills.  It  is  a 
vast  glacial  moraine^  comparable  to  the  ridges  in  northwestern  Ohio, 
and  the  "  Kettle  Range  "  in  Wisconsin,  but  is  the  most  remarkable, 
as  it  is  the  most  extended,  glacial  moraine  known  in  the  United 
States  if  not  in  the  entire  world.  It  runs  along  the  east  and  north 
side  of  the  Missouri  river  till  it  passes  out  of  the  United  States  into 
British  America. 

The  little  stream  which  crosses  the  rock  at  the  pipestone  quarry 
widens  out  into  a  lake  just  before  passing  the  ledge,  making  Pipe- 
stone lake,  and  again  after  passing  it,  it  forms  Crooked,  Duck  and 
Whitehead  lakes  in  the  same  way.  In  these  lakes  water  statnds 
constantly. 

The  rock  itself  in  general  is  exceedingly  hard,  in  heavy  layers  of 
one  foot,  or  of  two  or  three  feet,  and  is  separated  by  jointagje  planes 
into  huge  blocks  of  angular  shapes  that  lie  often  somewhat  displaced 
or  even  thrown  over  entirely  by  the  action  of  the  frost  through 
many  winters.  Thus,  there  is  a  rough  talus  along  the  foot  of  the 
escarpment  where  grow  a  few  bushes  and  small  oaks,  protected  from 
the  prairie  fires  by  surrounding  masses  of  fallen  quartzyte.  The 
rock  is  sometimes  pinkish  and  massive  ;  when  blood-red  it  is  more 
apt  to  be  thin-bedded. 

The  real  "  pipe^one  quarry  "  is  situated  about  a  quarter  of  a  mile 
west  of  this  ledge  and  in  the  low  land  of  the  lower  prairie.  EarUer 
diggings  seem  to  have  been  opened  in  the  superficial  outcroping  of 
the  pipestone  layer,  and  to  have  followed  along  its  strike  north  and 
south  nearly  a  mile,  without  penetrating  very  deeply  into  the  rock. 
The  layer  which  furnishes  the  pipestone  is  about  18  inches  thick, 
and  is  embraced  between  heavy  layers  of  the  same  rock  as  the  ledge 
already  described,  and  they  all  dip  together  toward  the  east,  and  of 
course  run  under  the  main  escarpment.    The  present  quarrying  is 
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a  little  east  of  the  line  of  old  diggings,  but  follows  along  the  strike 
of  the  formation  the  same  as  the  other,  the  only  difference  being  in 
having  greater  depth  (the  pipestone  layer  is  about  6  feet  under  the 
ground  here)  and  in  the  difficulties  encountered  in  removing  about 
five  feet  of  very  firm,  pinkish  quartzyte  in  heavy  beds. 

The  Catlinite  itself  is  a  fine  clay  varying  in  color  from  blood-red  to 
pale  red,  or  pinkish,  or  even  to  a  pale  yellowish  red.  The  lighter 
colors  fade  into  the  darkei,  but  sometimes  the  light  appears  in  the 
red  as  round  spots,  on  a  polished  surface,  but  the  red  is  not  thus 
distributed  through  the  lighter  shades.  It  has,  of  course,  suffered 
all  the  metamorphic  influences  that  the  quartzyte  itself  has,  but  it 
has  not  lost  its  distinctly  bedded  structure,  which  may  be  seen  when 
examined  microscopically  in  polished  thin  sections.  Indeed  it  seems 
to  have  a  laminated  structure  ;  and  the  different  shades  of  color 
appear  sometimes  to  be  due  to  openings  and  fissures  produced  in  the  ' 
red  clay  and  becoming  filled  with  sediment  of  a  lighter  color.  It  seems 
to  be  made  up  of  little  grains  of  quartz  having  an  abundant  cement 
of  red  ferric  oxide,  the  alumina  present  (as  indicated  by  chemical  * 
analyses)  being  mixed  rather  with  the  latter  than  combined  with 
the  former. 

Prof.  Peckham,  who  has  analyzed  for  the  survey  samples  of  the 
red  and  of  the  pale  red  pipestone,  makes  the  following  report : 

Pro/.  iV.  H.  Winchell  : 

My  Dear  Sir — I  have  the  pleasure^ to  report  the  following  analyses  of  serial 
nombera  52  and  53  : 

No.  52— Pale  Catlinite. 

% 

Silicic  oxide SiOa 58-.  25  per  cent. 

Alnminum  oxide Ala  O3 : 35.90        ** 

Water HaO 6.48 

Total 100.6i 

The  aluminum  oxide  is  a  trifle  too  high  and  contained  a  trace  of  iron  (FeaOa.) 
This  specimen  did  not  contain  an  appreciable  amount  of  either  lime  or  magnesia. 

No.  dS—Red  Catlinite. 

Silicic  oxide SiOa 57. 43 percent. 

Aluminum  oxide AI2O3 25.94        " 

Ferric  oxide Fea  O3 8.70        " 

Water HaO 7.44 

Total 99.51 
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This  specimen  contained  in  addition  a  trace  of  both  lime  and  magnesia. 

A  comparison  of  these  results  with  those  given  in  Dana's  Mineralogy,  ed.  1870^ 
confirms  the  statement  there  made  that  Catlinite  is  a  rock  and  not  a  mineral 
The  substance  appears  to  be  an  indurated  or  partially  metamoiphosed  clay  con- 
taimng  a  variable  amount  of  ferric  oxide  and  water. 

An  analysis  by  the  late  Dr.  Jackson,  of  Boston,  (Am.  Jour.  Sd.,  I.  xxxv.,  888^ 
gives  the  following  in  100  grains  : 

Water 8.40 

Silica 48.20 

Alumina 28.20 

Magnesia 6 .  00 

Per-ox.  iron 5.00 

Ox.  Manganese 60 

Carb.  hme 2.60 

Loss  (probably  magnesia) 1 .00 

*Total ...'. 100.00 

These  results  indicate  a  considerable  amount  of  earthy  carbonates  and  when 
compared  with  those  given  above  show  that  the  rock  is  quite  variable  in  com- 
position. Neither  of  the  specimens  analyzed  by  myself  was  of  the  spotted  or 
mottled  variety,  which  may  account  for  the  presence  of  the  earthy  carbonates  in 
the  analysis  by  Dr.  Jackson. 

The  red  variety  was  found  to  be  much  more  difficult  to  decompose  by  fusion 
with  alkaline  carbonates  than  the  average  silicates.  It  was  found  necessary  not 
only  to  reduce  it  to  an  impalpable  powder  but  to  prolong  the  fusion  to  from  eight 
to  ten  hours  to  insure  complete  decomposition. 

Respectfully  submitted, 

S.  F.  PECKHAM, 

Minneapolis,  Minn.,  May  20,  1878.     .  State  Chemist, 

Southward  from  the  region  of  the  Pipestone  quarry  the  land 
continues  high,  and  in  some  instances  there  are  ridges,  or  long 
knolls,  of  .drift,  that  are  broad  and  evenly  rounded  over  by  a  thin 
loam.  The  first  exposure  of  the  rock,  in  the  vicinity  of  the  road  to 
Lu  Verne,  is  on  Sec.  13,  T.  105,  R.  46,  along  the  south  side  of  the 
valley  that  crosses  westwardly  near  the  centre  of  the  section.  It 
extends  about  a  mile  east  and  west.  It  here  is  seen  to  form  an  un- 
dulating floor  on  which  the  loam  is  thinly  spread.  It  is  hard,  mas- 
sive, pinkish-colored  and  superficially  vitrified,  in  some  places  also 
showing  two  directions  of  srlacial  striae,  one  being  by  compass 
nearly  N.  and  S.  and  the  other  S.  52  deg.  E. 

The  same  line  of  rocky  outcrop  extends  westwardly  to  the  Split- 
rock  creek,  and  along  that  creek  and  its  eastern  tributaries  as  far  as  it 
continues  in  the  State.  It  seems  to  have  a  changeable  dip,  but  no- 
where presents  perpendicular  bluffs. 


Digitized  by 


Google 


STATE    GEOLOGIST.  103 

Two  and  a  half  miles  further  south  on  N.  E.  i  Sec.  36,  is  another 
exposure  of  the  same  rock,  along  a  similar  shallow  ravine  making 
westward — and  again  about  half  a  mile  further  south  on  the  high 
prairie. 

At  a  point  about  ten  miles  north  of  Lu  Verne  this  rock  becomes 
frequently  exposed  bpth  in  the  valleys  and  on  the  hills  and  contin- 
ues so  to  the  Mound,  near  Lu  Verne,  when  it  suddenly  breaks  oflF 
along  the  west  side  of  Rock  river,  and  is  not  known  to  the  south  of 
that  place.  Throughout  this  distance  it  forms  a  high  plateau  three 
or  four  miles  wide  and  about  a  Jiundred  feet  higher  than  the  prairies 
east  or  west,  but  the  surface,  though  frequently  rocky,  is  not  rough. 
It  is  undulating  ;  and  the  plateau  sinks  gradually  down  tothe  level 
of  the  rest  of  the  country  on  either  side.  This  plateau  terminates 
abruptly  in  a  rocky  and  precipitous  bluiF  facing  southeastward, 
three  miles  north  of  Lu  Verne  in  what  is  known  as  '*The  Mound?" 
There  is  a  very  large  rocky  outcrop  in  Sees.  4,  5,  6,  7  and  8,  T.  103 
N.,  R.  45  W.  There  are  less  frequent  exposures  in  Gregory  town- 
ship, and  the  town  next  west.  The  Splitrock  creek  which  crosses 
the  northwest  comer  of  Rock  county  has  frequent  exposures  both 
in  Rock  and  Pipestone ;  but  in  Pipestone  the  rock  range  veers 
toward  the  east,  into  the  centre  of  T.  104.  R.  46  W.,  and  disappears 
till  reaching  the  region  of  the  Pipestone  quarry.  In  the  N.  W. 
part  of  Mound  township  the  rock  dips  N.  W.  with  a  thrown,  or 
twist,  which,  by  slightly  changing  it,  brings  it  soon  below  the  sur- 
face. Indeed  there  seems  to  be  a  succession  of  ridges  or  swells, 
with  changeable  dip,  though  the  most  observable  is  to  the  north- 
west, about  10  degrees.  These  ridges  are  not  covered  with  gravel 
or  sand  like  similar  ridges  already  mentioned  east  of  the  Coteau, 
under  the  operation  of  glacial  forces,  (ice  and  water)  but  while  they 
occupy  the  grand  divide  of  the  county,  they  are  nearly  bare,  on 
their  tops  and  along  their  slopes,  or  are  thinly  covered  with  a  grav- 
elly loess  loam,  while  the  drift,  even  the  stony  clay  that  has  been 
largely  attributed  to  ice,  occupies  the  valleys  between  to  the  thick- 
ness of  at  least  30  or  40  feet.  On  the  top  of  some  of  these  ridges, 
apparently  near  the  top  of  this  formation,  the  rock  is  conglomeritic. 
This  occurs  in  large  superficial  areas,  planed  and  smoothed  do^vn 
(rarely  glaciated)  and  the  colors  of  the  pebbles,  usually  not  larger 
than  beans,  give  these  spots  a  blotched  and  variegated  mottling. 
The  pebbles  are  mainly  white,  but  some  are  jasper-red  and  some 
purple. 

All  over  these  ridges,  which  vary  from  a  quarter  of  a  mile  to  three 
or  four  miles  in  length,  and  are  for  the  most  part  thinly  covered 
with  soil  and  turf,  there  are  little  nests  of  large  blocks  of  quarzyte 
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piled  so  together  that  they  seem  to  have  been  thrust  up  from  below 
by  some  force.  The  edges  of  these  blocks  are  squarely  broken  off^ 
and  slope  toward  each  other,  i.  e.,  toward  the  centre  of  the  pile, 
while  the  blocks  themselves  lie  so  that  their  upper  surfaces  slope  in 
all  directions  away  from  the  center.  Similar  upheaved  spots 
occur  on  the  red  quartzyte  outcrop  near  New  Ulm,  and  were  de- 
scribed in  the  report  for  1873.  They  were  then  attributed  hypo- 
thetically  to  recent  igneous  forces.  These  upheaved  spots  vary 
from  five  to  fifteen  feet  in  diameter,  or  perhaps  more.  They  may 
have  been  caused  by  ice,  /.  g.,  alternate  freezing  and  thawing  with 
the  change  of  seasons,  aided  by  the  force  of  vegetation  and  a  Uttle 
soil  gradually  getting  into  the  openings. 

At  "The  Mound,"  where  this  high  land  terminates  abruptly, 
and  faces  the  valley  of  Rock  river,  the  elevation  is  about  175 
feet  above  the  river.  The  perpendicular  bluff  of  rock  is  from 
40  to  60  feet  in  its  highest  part ;  but  owing  to  a  dip  of  about 
20  degrees  from  the  horizon,  nearly  west,  or  partly  northwest, 
and  to  the  breaking  off  of  the  upper  layers  causing  a  gradual 
slope  from  the  brow  of  the  hill  backward  through  several  rods, 
the  actual  thickness  of  beds  visible  may  be  150  feet.  The  rock 
here  also  appears  to  be  almost  entirely  a  reddish  or  pink,  heavy- 
bedded,  quartzyte.  If  wrought  there  might  be  some  softer  and 
thinner  layers  discovered  in  the  angles  of  the  talus,  but  the  re- 
fractory nature  of  the  great  mass  of  it  will  cause  it  to  be  used  but 
sparsely  for  building.  The  main  bluff  curves  westwardly  at  both 
ends,  and  by  reason  of  the  dip  and  ravines  that  enter  the  valley 
from  the  west,  its  exposed  layers  gradually  disappear  under  the  soil 
in  that  direction,  and  the  rock  is  lost  in  the  prairie. 

Near  the  base  of  the  bluff  of  perpendicular  rock,  on  a  slope 
which  descends  to  the  river,  once  probably  covered  by  the  water  of  . 
the  river,  on  some  of  the  lowest  beds,  the  rock  has  the  general 
shape  of  glaciation,  but  there  are  no  striae,  the  surface  showing 
rather  the  action  of  water.  On  the  top  of  the  bluff  are  glacial 
striae  running  S.  20  deg.  W.  by  compass.  Ten  miles  northwest  of 
Lu  Verne  such  marks  run  N.  and  S. 

The  Drift. 

The  most  important  fact  in  connection  with  the  drift  of  these 
counties  is  a  gradual  transition,  from  north  to  south,  from  drift  clay, 
with  stones  and  boulders  to  loam  clay  that  has  all  the  characters  of 
the  well-known  loess-loam  of  the  Missouri  valley.  The  northern 
poi't  of  Pipestone  county  lies  not  far  from  the  Coteau  du  Prairie, 
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which  IS  a  vast  glacial  noraine  of  drift  materials,  and  is  even  affected 

somewhat  in  its  contour  by  the  westward  decline  of  the  Coteau  to  the 

prairie  level.    It  is  as  characteristically  a  hardpan  clay — the  main 

mass  of  the  drift,  in  this  part  of  Pipestone  county — as  in  any  part  " 

of  Minnesota.    In  traveling  southward  there  is  a  gradual  superficial 

change  in  all  its  characters.    This  change  pervades  at  first  but  a 

small  thickness  of  the  deposit  but  by  degrees  involves  the  drift  to 

the  depth  of  20  feet.    At  first  there  is  a  diminution  in  the  number 

of  visible  boulders  ;  then  a  smoothness  in  the  creek  bluflfe  ;  then  a 

gravelly  clay  on  the  surface,  fine  and  close  ;  then  a  closeness  in  the 

prairie  soil ;  then,  in  digging  wells  a  few  limy  concretions  are  seen 

mingled  with  small  gravelstones,  and  at  last  a  fine,  crumbling  loam 

clay  that  cannot  be  distinguished  from  the  loess  loam,  which  extends 

to  Sioux  City  in  Iowa,  and  there  is  known  as  the  loess-loam  of  the 

Missouri  valley  and  has  a  thickness  of  several  hundred  feet.    Wells 

dug  in  the  southweistern  part  of  Rock  county  demonstrate  also  a 

similar  perpendicular  transition  from  loam  to  drift  clay,  the  former 

being  true  loess-loam  and  the  latter  true  hardpan,  or  boulder  clay. 

This  appears  like  rank  heterodoxy,  but  it  is  not  a  matter  of  opinion 

nor  theory.    It  is  the  result  of  actual  observation.    The  writer  wa» 

as  much  surprised  to  find  it  as  others  will  be  to  read  it,  and  it 

appears  almost  inexplicable.    The  writer  had  abundant  and  fa  roi*- 

able  opportunity  for  observing  this  change  in  the  grades  and  cuts 

of  the  new  railroad  from  Lu  Verne  to  the  State  line,  and  verified  it 

in  wells  dug,  and  being  dug,  in  that  part  of  the  county.    In  some 

places  the  loam  passes  below  into  a  quicksand. 

We  have  here  then  a  series  of  changes  by  which,  between  the 
Coteau  and  Sioux  City  the  loess-loam  is  produced  from  the  drift 
hardpan,  by  the  slow  withdrawal  of  the  stones  and  gravel,  and  the 
gradual  predominance  of  water-action  over  ice-action,  the  Coteau 
being  the  limit  of  unmodified  ice-action  involving  the  whole  drift 
sheet.  It  is  not  impossible  that  ice,  in  a  broad  sheet,  underlay  the 
surface,  embracing  the  now  underlying  hardpan,  while  superficial 
waters  disturbed  and  modified  the  surface  of  the  drift  for  some  dis- 
tance south  of  the  Coteau.  Thus  it  seems  that,  by  the  agency  of 
water  very  largely,  a  considerable  tract  of  country  was  covered  by  drift 
which  differs  at  first  but  slightly  from  the  true  hardpan,  but  at 
points  more  removed  from  the  field  of  glacial  action,  becomes  more 
and  more  clearly  a  water-deposit.  This  change  could  be  observed 
only  in  a  broad,  level  tract  like  southwestern  Minnesota.  This 
southward  conversion  of  the  stony  and  gravelly  clay  into  the  loess- 
loam  must  have  been  the  result  of  copious  drainage  and  wash  from 
the  northern  drift,  but  a  wash  that  seems  to  have  been  so  gradual. 
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-and  yet  so  profound  in  its  effect,  as  to  have  embraced  at  once  a  great 
thickness  of  the  drift  materials,  causing  them  to  flow  more  like  a 
pasty  mud  at  first,  than  water,  but  finally  becoming  simply  a  muddy 
water.  This  process  is  perhaps  what  covered  the  extensive  buried 
soils  and  vegetable  remains  in  Fillmore  and  Mower  counties,  beyond 
^  the  limits  of  the  last  ice-period,  without  wholly  disrupting  them, 
.and  perhaps  will  account  for  the  same  phenomenon  in  Ohio  and 
Illinois.  It  seems  evident  that  the  vast  moraines  of  the  northwest, 
where,  in  similar  topography,  the  changes  witnessed  in  the  drift 
must  be  due  to  changed  climatic  conditions,  mark  great  epochs  in 
the  history  of  the  ice-age.  There  are  two  such  that  cross  Minnesota, 
the  older  being  the  Coteau,  and  the  younger  the  Leaf  Hills.  Cor- 
responding to  the  latter  the  Kettle  Range  in  Wisconsin  seems  a 
parallel  phenomenon.    [See  also  the  report  on  Ramsey  county.]     • 

There  is  evidence  of  glacier-action,  or  what  has  been  recognized 
.as  evidence  of  glacier-action,  in  Rock  county  south  of  the  Coteau. 
The  quartzyte  is  polished,  striated,  and  sculptured  superficially  on 
the  tops  of  the  ridges  in  the  central  part  of  the  county  as  only 
glacier-ice  is  known  to  do.  At  the  Pipestone  quarry,  (near  "  The 
Three  Maidens  ")  such  marks  run  22  deg.  W,  of  S.  by  compass.  On 
the  strike  of  the  ledge  at  the  same  place  they  ran  S.  10  deg.  E. 
varying  to  20  deg.  W.  of  S.  On  Sec.  13,  T.  105,  R.  46  W.  they  run 
in  two  directions,  one  direction  being  nearly  N.  and  S.  and  the 
other  S.  52  deg.  E.  within  the  valley  of  a  little  stream.  On  the 
rock  near  the  top  of  the  southern  side  of  this  valley,  which  is  a 
slight,  shallow  depression,  glacial  marks  runs  S.  22  deg.  W.  This 
is  but  a  few  rods  from  the  last  observation  above.  At  another  point, 
about  ten  iniles  north  of  Lu  Verne,  glacial  marks  were  observed 
running  nearly  N.  and  S.  On  the  rock  at  '*  The  Mound  "  they  run 
S.  20  deg.  W.  by  compass.  It  seems  almost  impossible  that  in  so 
level  and  open  a  country,  and  on  the  same  rocks,  without  apparent 
cause,  the  glacier  which  must  have  been  hundreds  of  miles  wide,  if 
it  existed  here  at  all,  could  have  taken  so  diverse  directions  in  so 
short  distances.  It  cannot  be  doubted,  however,  that  this  marking 
was  done  by  a  force  that  exerted  a  great  pressure  at  the  same  time 
that  the  marks  were  made.  This  pressure  is  evinced  not  only  in 
the  marking  itself,  which  is  on  the  hardest  formation  found  in  the 
State,  but  in  the  innumerable  checks  and  flaws  that  cover  the  surface 
where  this  rasping  has  taken  place,  and  yet  leave  it  in  the  main  a 
smoothed  and  rounded  or  sfossed  surface.  These  checks  run  curvingly 
down.ward  at  varying  angles  with  the  surface,  and  to  all  depths  less 
than  an  inch,  but  usually  less  than  one-sixteenth  of  an  inch,  and 
indicate  perhaps  an  incipient  crushing  to  the  depth  of  at  least  an 
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inch.  They  show  in  what  manner  the  rasping  reduced  the  original 
projecting  knobs.  Where  the  natural  seams  or  planes  of  jointage 
<iross  the  rock,  these  little  checks  are  larger,  causing  the  quartzy  te  to 
-chip  oflF  sooner  and  deeper  with  a  curving  and  choncoidal  fracture. 
This  prevailing  direction  is  transverse  to  the  crushing  forc«,  so  that 
the  rock,  along  some  grooves,  has  a  short  conchoidally  laminated 
structure  transverse  to  the  grooves,  penetrating  it  to  the  depth  of  a 
quarter  to  half  an  inch,  exhibited  now  in  a  series  of  little  curving 
furrows  where  the  laminae  broke  oflF  successively,  the  concavities  of 
the  laminae  being  toward  the  north. 


striated  red  quartzyte  In  Rock  county, 

This  marking  is  represented  in  Fig.  10,  but  the  figul-e  does  not 
show  a  great  many  fine  checks  with  which  the  surface  of  the  rock 
is  nearly  covered,  but  it  shows  correctly  the  prevailing  direction  of 
the  curvature,  and  its  relation  to  the  moving  force.  This  manner 
of  glaciated  marking  is  visible  on  Sec.  13,  T.  105,  R.  46,  and  also  on 
**The  Mound,"  near  Lu  Verne.  It  can  be  compared  to  a  cross- 
grained  planed  board,  ^here  the  plane  has  been  driven  against  the 
grain,  except  that  the  cut  edges  are  curved  so  as  to  present  their 
concavity  toward  the  cutting  or  planing  force. 

It  has  already  been  mentioned  that  there  are  but  few  boulders  in 
Rock  county.  They  are  generally  confined  to  the  creek  bluffs  and 
valleys.  Ev«i  on  the  plateau  caused  by  the  red  quartzyte  running 
firom  near  Lu  Verne  northwestward  they  are  not  seen,  or  are  so  rare  as 
to  be  noteworthy.  This  is  an  anomaly.  In  ice-covered  regions,  /.  e, 
in  regions  known  to  have  been  last  passed  over  by  the  ice  of  the 
drift  epoch,  there  would  be  no  place  where  foreign  boulders  would 
be  found  more  thickly  than  on  such  rocky  elevations. 

In  traveling  over  the  plateau  of  quartzyte,  about  on  Sec.  16, 
Mound,  one  large  solitary  granite  boulder  may  be  met  with.  It 
lies  directly  on  the  quartzyte.  It  is  rough  and  granulated,  and  there 
is  a  circular  excavation  or  concavity  in  the  soil  in  which  it  lies.  It 
is  about  ten  feet  long  and  five  feet  high,  and  has  a  groove  horizon- 
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tally  circumscribing  it  about  a  foot  in  width  and  thr^  or  four 
inches  deep.  Taken  altogether  it  immediately  reminds  the  be- 
holder, not  less  by  its  general  shape  than  by  this  groove,  of  the 
stone  hammers  sometimes  found.  Its  size  precludes  its  being  one, 
but  its  shape  is  very  like  them.  The  groove  may  have  been  formed 
by  the  action  of  ice  and  water  on  its  sides,  as  it  has  the  appearance 
of  lying  in  ordinary  seasons  in  a  little  lake  of  water,  which  at  the 
time  of  this  examination  was  entirely  dried  up.  Tnis  boulder,  like 
the  "Three  Maidens,"  at  the  Pipestone  quarry,  mu-it  be  referred  to 
.  the  date  of  the  boulder  clay,  and  in  that  case  it  was  not  disturbed 
by,  but  probably  witnessed,  the  spreading  the  loam  which  came 
later. 

The  "Three  Maidens,"  and  the  three  others,  (smaller)  that  make  uf> 
the  cluster  of  six  granite  boulders  lying  just  outside  the  Indian  Reser- 
vation at  the  Pipestone  quarry,  also  rest  on  the  surface  of  the  red 
quartzyte  about  60  rods  southeast  of  the  quarry  and  at  the  foot  of 
the  long  ledge  or  escarpment  that  passes  north  and  south.  They 
evidently  once  constituted  one  immens3  boulder  and  have  become 
six  from  the  falliug  apart,  under  the  influence  of  frost,  of  the  gran- 
ite along  its  natural  seams  or  joints.  Such  a  separation  of  large 
boulders  is  sometimes  seen  on  the  prairies  in  Minnesota  under  cir- 
cumstances which  demonstrate  their  former  entirety. 

On  the  surface  of  the  glaciated  quartzyte  about  these  boulders, 
which  is  kept  clean  by  the  rebound  of  the  winds,  are  a  great  many 
hieroglyphic  inscriptions,  which  were  made  by  pecking  out  the 
rock  with  some  sharp-pointed  instrument.  They  are  of  different 
sizes  and  dates,  the  latter  being  evinced  by  their  manner  of  crossing 
and  interfering,  also  by  a  diflference  in  the  weight  of  the  instrument 
used.  They  generally  represent  some  animal,  such  as  the  turtle, 
wolf,  bear,  badger,  buffalo,  elk,  and  the  human  form.  The  "craneV 
foot"  is  the  most  common.  •  They  are  very  similar  to  those  repre- 
sented on  Plates  XI  and  XII  of  Vol.  II,  of  the  "Bulletins  of  the 
U.  S.  Geol.  and  Geog.  Sjjir.  of  the  Territories,"  accompanying  the 
article  of  W.  H.  Holmes  on  Ancient  Ruins  in  Southwest  Colorado. 
The  Indians  regard  the  ''Three  Maidens,"  represented  by  the  three 
larger  boulders,  as  the  maids  from  whom  the  tribes  sprung  after 
the  destructive  anger  of  the  Manitou  had  slain  the  people.  It 
would  seem  as  if  any  warrior  or  hunter  who  had  been  fortunate  in 
the  chase  and  happened  to  pass  here,  left  his  tribute  of  thanks  to 
the  Great  Spirit  in  a  rude  representation  of  his  game,  and  perhaps 
a  figure  of  himself,  on  the  rocks  about  these  boulders.  In  some 
cases  there  is  a  connection  of  several  figures  by  a  continuous  line, 
chipped  in  the  surface  of  the  rock  in  the  same  manner,  as  if  some 
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legend  or  adventure  were  narrated,  but  for  the  most  part  the  fig- 
ures are  isolated.  This  is  the  "sacred  ground"  of  the  locality. 
There  are  hieroglyphics  at  no  other  place  around  here,  though 
there  is  abundance  of  bare  rock. 

•  Common  Wells  in  Rock  County. 

The  water  of  wells  in  the  loam,  or  in  the  drift-clay,  is  very  hard. 
This  is  caused  by  a  large  amount  of  limestone  gl*avel  disseminated 
through  all  the  materials  of  the  drift,  derived  from  the  limev^tones 
of  Winnipeg.  There  is  occasionally  a  water  which  has  a  distinctly 
alkaline  character,  but  this  is  not  common.  Nearly  all  the  wells  of 
the  county  are  curbed  with  pine  boards,  and  from  that  fact  great 
numbers  of  them  are  contaminated  with  th^  organic  decay  known 
to  result  from  that  practice,  and  a  number  were  examined  that 
were  very  foul  from  th.it  cause.  Several  recent  cases  of  typhoid 
fever  at  Lu  Verne  are  directly  referable  to  that  cause,  and  no  doubt, 
if  the  facts  could  be  known,  many  others  in  the  country  could  be 
accounted  for  in  the  sam^way.  The  curbing  of  wells  in  the  prairie 
regions  with  pine  boards  or  planks  is  very  common,  owing  to  the 
lack  of  convenient  stone,  and  the  ease  of  constructing  such  curbs  of 
wood ;  but  it  is  a  practice  which  all  well-diggers  should  loudly  and 
persistently  protest  against,  and  which  all  the  owners  of  wells  should 
discontinue,  as  it  is  a  fruitful  source  of  foul  water,  causing  intestinal 
diseases  and  typhoid  fevers.  The  adjoined  table  shows  the  depth 
and  character  of  some  of  the  wells  of  the  county. 
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Material  Resources. 


i 


These  counties  contain  some  of  the  best  farming  lands  in  the 
state.  They  are  not  broken  by  rock  exposure  (except  through  the 
central  part  of  Rock  county),  so  that  nearly  all  their  area  is  tilkl  ile. 
The  rocks  that  underlie  them  are  not  known  to  hold  anything  of 
great  economical  Aalue.  They  will  serve  as  a  building  material,  but 
are  rather  hard  even  for  that,  and  it  may  be  found  more  economieiil 
to  bring  in  by  railroad  the  building  stones  of  the  eastern  caunties- 
The  main  material  product  of  these  counties  is  now,  and  will  always 
remain,  wheats  of  which  they  will  produce  as  much  to  the  acre  as 
any  county  in  the  State. 
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VII- 
PALiEONTOLOGY. 


Notes  on  the  Fossils  of  ^  the  Trenton  in  Minnesota, 

During  the  month  of  July,  1877,  some  time  was  given  to  the  ex- 
amination and  arrangement  of  some  of  the  fossils  of  the  Trenton  in 
the  collections  of  the  survey,  continuing  thus  the  work  begun  the 
season  before.  As  but  little  time  could  be  had  for  this  part  of  the 
work  of  the  survey,  the  results  are  meager.  The  fossils  represented 
by  the  following  list  are  addition^  to  those  named  in  the  report  of 
last  year.  It  was  found  that  a  greater  range  of  authorities  for 
reference  was  necessary  for  the  reliable  identification  of  our  speci- 
•  mens,  and  measures  have  Ijeen  taken  for  procuring  many  foreign 
and  American  works,  containing  descriptions  of  the  fossils  of  tliis 
horizon. 

By  reference  to  the  Museum  Report  accompanying  this,  the  cor- 
responding numbers  of  the  Register  will  be  seen,  and  other  particulars 
of  each  species  ascertained. 

No.  90.  Asaphu^  extansy  H.  ?  (Compare  No.  399).  This  specimen  has  been 
in  the  museum  a  number  of  years,  and  its  origin  is  unknown;  but  its  similarity 
to  specimens  obtained  of  Mr.  W.  D.  Hurlbut,  from  Trenton  Falls,  N.  Y.,  renders 
its  source  less  doubtful.  It  is  probably  from  the  Trenton  formation  in  Minnesota. 
It  has  a  tuberculated  surface  instead  of  a  lamellose  one,  as  A.  extans  is  described 
byHaU. 

No.  172.  This  block  contains  fragments  of  the  crinoid  of  Hall,  Schizocrinus 
nodosuSf  with  an  unidentifiable  species  of  Mxivchisonla^  and  fragments  of  a 
trilobite.    Locality ^  Pleaaant  Grove,  Olmsted  county. 

No.  185.  Slabs  containing  Strophonienay  Orthis^  CJuefetes,  et  al.  Fillmore 
county. 

No.  186.  Orthis  perrefa  Con,  These  are  considerably  larger  than  the  type 
specimens.    They  are  from  Taylor's  quarry  near  Fountain,  Fillmore  county. 

No.  189.    Fragments  of  Asaphus  9W^^i  H,    From  Fillmore  county. 

No.  191.  Slab  vn\h  Lepf(Fna8encea,  Sow.  Orthis  emacerata,  H,  Strophomena 
filitexta^  H.  and  Stropliomenay  nitensy  Bill. ;  from  Fillmore  county. 
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No.  192.  Poteriocnnites  cctducetis,  H,  Ortkis  testudinaria,  Dal.  Rkyncho- 
neUa  capax.  Con,  are  also  from  Fillmore  county. 

No.  197.  This  is  provisionally  named  Othoceras  Uiqueatum,  H.  but  the  agree- 
ment is  not  satisfactory.  Locality,  Spring  Valley,  Fillmore  county.  (Compare 
No.  214.) 

No.  208.  Sfrop^tomena  tenMw/Wo/a.^?^  Compare  Nos.  204  and  371.  Locality, 
Sec.  17,  Rochester,  Olmsted  coimty. 

No.  214.  This  slab  shows  LepUena  sericea,  Sow,  Murchisonia  bicincta,  H, 
Orthoceras  lagueatum,  H,  Bellerophon  bilobatuSf  Sow,  Strophomena,  nitens, 
Bill,  and  Rhynchonella  capax,  Con.    Locality,  Spring  Valley,  Fillmore  comity. 

No.  242.  Cyrtoceras  arcuatum,  H,  has  been  obtained  fix)m  Holden,  Goodhue 
county. 

No.  243.    Oncoceraa  constrictum,  H.  is  from  the  same  locality. 

No.  252.    Orthoceras  vertebraU,  H,  is  from  the  same  locality. 

No.  269.  Orthis  suhquadrata,  H.  has  been  identified  from  Sec.  30,  Forest- 
ville,  Fillmore  county. 

No.  293.  Strophomena  fiuctuosa,  Bill,  is  foimd  in  the  upper  layers  of  Will- 
son's  quarry  at  Mantorville,  Dodge  coimty,  which  is  in  the  Galena. 

No.  294.    Crraptolithtis  scalaris,  Linne  is  found  in  the  same  layers. 

No.  297.    Diacina  Pelopea,  Bill,  is  found  in  the  same  layers.  Compare  No.  263. 

No.  307.    Chcetetes  petropolitanuSf  Pan.  ?  is  found  on  Sec.  21,  Forestville. 

At  Minneapolis  have  been  identified  different  forms  of  Rhynchonella  capaxfion. 
and  of  Orthis  perveta,  Con.  The  following  have  also  been  found  at  Minneapolis : 
Orthis  emacerata,  H.  Var.  mtUtisecta,  James.  Chcetetes  Lycoperdan,  U.  Murch" 
isonia  bicincta,  H.  Pleurotomaria  aubconica,  H,  Schizocrinus  nodosus,  H.  Cyr* 
tolites  compressus,  Con.  and  Bellerophon  bilobatus,  Sow. 

No.  348.  Cyrtolites  compressus,  Con.  occurs  on  Sec.  16,  Pleasant  Grove,  also 
Orthoceras  strigatum,  H.  (Nos.  350  and  381.) 

From  Pleasant  Grove,  Olmsted  county,  also  comes  Oncoceras  constrictum,  H» 
(No.  352). 

No.  376.    Asaphm  gigas,  H. — ^from  St.  Charles,  Winona  coimty. 

No.  397.    Orthoceras  vertebrale.  H. — ^from  St.  Charles,  Winona  county. 

No.  892.    Orthis  heUa-mgosa,  Con. — ^from  St.  Charles,  Winona  coimty. 

No.  399.  Asaphus  extans,  H.  (?)  (Compare  No.  90).  This  specimen  was 
obtained  of  W.  D.  Hurlbut,  and  is  from  Trenton  Falls,  N.  T.  It  differs  from 
Pr6f.  Hall's  description  of  A.  extans  in  having  a  surface  rather  pustulated  than 
lamellose. 

No.  410.  Asaphus  gigas,  H.  and  Strophomena  filitexta,  H. — ^from  St.  Charles, 
Winona  county. 
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REPORT  ON  THE  GEOLOGY  OF  RICE  COUNTY* 


BY    L.  B.   8PEBBY. 


Situation  and  Area. 

The  northern  border  of  Rice  county  is  about  85  miles  south  ef 
St.  Paul,  and  its  eastern  border  is  about  the  same  distance  west  of 
Lake  Pepin.  It  is  bounded  on  the  north  by  portions  of  Dakota  and 
Scott  counties ;  on  the  east  by  Goodhue  county  ;  on  the  south  bj 
portions  of  Steele  and  Waseca  counties,  and  on  the  west  by  Le  Sueur 
county.  It  is  four  Gbvanment  townships,  or  31  miles,  in  width 
east  and  west  The  western  portion  of  the  county  is  of  the  aamft 
length — a  miles  n<Mrth  and  south — ^but  the  eastern  two  tieiB  of 
townships  are  shorter  by  5  miles. 

The  county  contains  14  townships,  each  of  them,  except  two^ 
containing  36  square  miles.  Of  these  two  exceptions,  one,  Bridge- 
water, 'contains  40  square  miles,  and  the  other,  Northfield,i4sqqaro 
miles. 

Its  area  then  is  380,240  acres,  of  which  nearly  one-half  is  timber 
land  interspersed  with  many  lakes. 

There  is  but  very  little  land  in  the  county  unfit  for  tillage. 

That  portion  east  of  the  Straight  and  Gannon  rivers  is  the  finest 
of  prairie  land,  while  most  of  that  west  of  these  rivers  is,  or  was 
originally,  covered  with  valuable  timber,  which,  on  being  removed^ 
leaves  a  strong  and  fertile  soil. 

Fairbault  is  the  county  seat.  Northfield,  Morristown,  Dundas 
and  Shieldsville  are  the  principal  towns. 
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Natural  Drainage. 

The  drainage  of  the  county  is  to  the  north  and  east.  Straight 
river  enters  the  county  2i  miles  east  of  the  middle  of  the  southern 
border,  and,  flowing  northward  about  8  miles,  forms  a  junction, 
(where  the  city  of  Fairbault  now  stands)  with  the  Gannon  river, 
which  enters  the  county  about  2  miles  north  of  its  southeast  comer. 
Prom  the  junction  of  the  Straight  and  Cannon  rivers — ^taking  the 
latter  name — the  waters  flow  northward  and  leave  the  county  i 
miles  east  of  the  meridian  line  upon  which  the  Straight  river  en- 
ters its  borders.  The  western  half  of  the  county  contains  nbout  a 
score  of  shallow  but  pretty  lakes,  which  receive  the  surfiace  waters 
of  their  localities,  and  empty  for  the  most  part  by  very  circui- 
tous routes  into  th«  Gannon.  The  Straight  and  Gannon  also  re- 
ceive the  drainage  from  tiie  eastern  portions  of  the  townshipi 
tiuroogh  which  they  flow ;  while  the  eastern  tier  of  townships,  for 
thf  most  part,  shed  their  waters  through  small  streams  into  the 
Little  Cannon  and  Zumbro  rivers  in  Goodhue  county.  The  Straight 
river  enters  the  county  in  the  Lower  Trenton  formation,  and  cuts 
ilurongh  into  the  St.  Peter  sandstone  3  miles  north  of  the  county 
line,  near  Walcott^s  mill. 

A  short  distance  from  Walcott's  the  river  makes  an  extensive 
bend  toward  the  south,  and  on  reaching  Faribault  has  cut  80  feet 
mto  the  sandstone. 

At  a  point  near  the  line  separating  Bridgewater  and  Gannon  City 
townships  the  river  has  cut  through  the  St.  Peter  sandstone  and 
begins  its  flow  over  the  Shakopee  limestone,  into  vdiich  it  has  cut 
about  30  feet  when  it  leaves  the|northem  boundary  of  the  county. 
This  descent  of  about  150  feet  in  crossing  the  county  frimisheB  at 
least  eleven  available  mill  privileges  which  have  been  improved  and 
are  in  operation. 

The  following  tabular  exhibit  show^  the  most  important  and  in- 
teresting facts  relative  to  these  : 
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Water  Power  Mills  in  Rice  County, 


Name  of  Mill. 


Walcott 

Straight  River  MlUs 

Kendall 

Matteson's ^ 

Polar  Star 

Warsaw 

Herehey'8 

BoberdsLake 


Cannon  City 

Dundas Mills... . 
Northfleld  Mills. 


0>mer. 


Chaffee  &  Sheffield. 


J.  D.  Greene  &  Co. . 

Gteene  &  Gold 

H.  M.  Matteson 

Stock  Co 


C.  Hershey. 
J.G.Scott.. 


R.H.  Scott 

E.  T.  Archibald  &  Co. 
Jesse  Ames  &  Son 


Location. 


6  miles  South 
of  Faribault 

Faribault 

Faribault 

Faribault 

Faribault 

Warsaw 

Morristown 

Outlet  Roberds 
Lake 

Ne'r  Cannon  City 

Dundas 

Northfleld.... 


Stream. 


Straight  R. 
Straight... 
Straight... 

Cannon 

Cannon. . . . 

Cannon 

Cannon 


Cannon.... 
Cannon.... 
Cannon.... 


13 

m 

6 

8 
6 

7 

15 

7 

9 
10 


100 

eo 

80 
80 
150 
60 

Custom. 

60 
100 
200 
300 


Surface  Features  and  Soil. 

The  eastern  portion  of  the  county  is,  for  the  most  part,  a  high 
and  gently  rolling  prairie  of  great  beauty  and  fertility. 

Skirting  the  small  streams  there  is  a  little  timber,  and  along  the 
east  bank  of  the  Straight  river — and  also  of  the  Cannon,  from  itg 
junction  with  the  Straight  northerly  to  Dundas — there  is  a  belt  of 
timber  averaging  about  3  miles  wide.  The  soil  bearing  this  belt 
of  timber  is  sandy  with  gravel  subsoil,  and  is  of  comparatively  little 
value  for  agricultural  purposes. 

The  surface  of  the  southwest  part  of  the  county  lies*  above  the 
Trentcn  formation  and  is  gently  undulating. 

The  surface  of  the  northeast  part  is  more  broken  because  the 
Trenton  ia  largely  carried  away  and  the  St.  Peter  sandstone  is  eroded 
to  quite  variable  depths.        • 

The  western  portion  of  the  county  also  is  quite  undulating — 
sometimes  rough  and  hilly — and  over  the  greater  part  is  covered 
with  heavy  timber,  interspersed  with  many  beautiful  but  shallow 
lakes. 

The  surface  soil  is  usually  a  dark  loam,  but  is  generally  very  thin. 
A  strong  and  productive  yellow  clay  overlying  thick  deposits  of 
blue  clay — which  is  frequently  exposed — characterize  the  soil  of  this 
region.    Maple,  Elm  and  Basswood  characterize  the  timber. 

There  are  about  twenty  beautiful  lakes  in  the  western  half  of  the 
county,  ranging  from  one  to  ten  square  miles  in  area,  and  varying 
from  ten  to  fifty  feet  in  depth.  These  lakes  abound  in  fish  and  are 
much  frequented  by  sportsmen. 
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The  southwestern  part  of  the  county,  being  lower  and  more  sandy, 
furnishes  better  beaches  for  its  lakes  than  are  found  further  north 
where  clay  deposits  overlie  and  conceal  the  sand. 

I  am  under  obligation  to  Surveyor  Jewett,  of  Fairbault,  through 
whose  kindness  I  secured  the  following: 


SURVEYOR'S  NOTES  OF  RICE  COUNTY. 

Township  109,  Range  19. — Richlaist). 

Rolling  prairie.  Soil  a  black  Icam  with  clay  subsoil.  The  north  branch  of  the 
Zombro  river  flows  easterly  through  the  northern  part,  taking  the  surface  water 
of  nearly  the  whole  town. 

Toivnship  110,  Range  19. — Wheeling. 

Surface  rolling,  becoming  blufi^  along  the  creek.  The  east  branch  of  Frauie 
creek  heads  ^ear  the  center  of  the  town,  where  there  is  a  body  of  about  one  section 
of  timber.  This  creek  flows  northeasterly,  and  forms  a  valley  fix)m  one-eighth  to 
one-fourth  of  a  mile  wide,  about  fifty  feet  below  the  general  level  of  the  prairie. 
From  the  bluffs  along  this  valley  in  the  north  part  of  the  town  limestone  crops 
out  with  sandstone  below. 

Town  111^  Range  19. — Noet^field. 

Surface  mostly  a  high  rolling  prairie  sloping  toward  Prairie  creek,  which  runs 
northeasterly  through  the  township;  a  part  of  the  town  is  drained  northwesterly 
toward  Cannon  river.  Soil  a  rich  black  loam;  clay  subsoil;  limestone  in  bluffs 
along  the  creek;  sandstone  below. 

Town  109^  Range  20. — Walcott. 

Surface  rolling  to  hilly;  slopes  toward  Straight  river,  which  runs  northerly 
through  nearly  the  center  of  the  town;  a  body  of  timber  three  to  four  miles  wide 
lies  on  the  east  side  of  the  river.  Limestone  appears  in  the  bed  of  the  river  as 
for  north  as  Sec.  4.  North  of  this  point  it  appears  in  the  bluffs  from  20  to  50 
feet  above  the  river.  Soil  in  the  river  valley  light  and  sandy  with  gravel  subsoil; 
rest  of  town  black  loam  over  clay. 

Town  110,  Range  20. — Cannon  City  and  Faribault. 

Surface  quite  rolling;  bluffy  along  the  east  side  of  river.  The  Straight  river 
forms  junction  with  the  Cannon  river  in  Section  80,  from  which  point  the  Cannon 
river  runs  northeasterly  to  the  centre  of  the  north  boundary.  The  two  eastern 
sections  are  prairie;  the  remainder  of  the  town  is  timber  land:  soil  a  rich  loam 
with  clay  subsoil.  Limestone  crops  out  of  river  bluffs  with  sandstone  Ijelow;  a 
small  lake  in  Sec.  15,  containing  45  acres. 
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Toum  111,  Range  20. — Bbidgewater. 

Land  rolling;  becomes  blufiy  along  the  river  as  far  north  bs  Section  10.  Can- 
non river  flows  northeasterly  through  the  eastern  part  of  the  town.  About  six 
sections  on  east  side  of  town  are  prairie;  rest  of  town  timber  land ;  soil  blad^  loam 
with  clay  subsoil,  excepting  on  river  bottoms,  where  the  soil  is  light  and  sandy 
0  ver  a  gravelly  subsoil ;  limestone  in  the  bluffs  along  the  river  south  of  Section  10. 
In  Section  1  it  appears  in  the  bed  of  river. 

Town  109,  Bange  2i.— Warsaw. 

Surface  rolling;  drains  toward  the  north;  Cannon  lake,  with  an  area  of  1475.28 
acres,  lies  in  the  northwestern  part  of  the  township;  four  sections  of  land  north- 
west of  lake  are  timber  land;  rest  of  town  is  prairie  and  brush  land;  soil  black 
loam  over  clay  subsoil. 

Town  110,  Bange  2L— Wells. 

All  timber  land  excepting  Sections  85  and  86;  surface  rolling;  soil  black  loam 
with  day  below ;  area  of  meandered  lakes  21 14.44  acres ;  drains  toward  the  south. 

Bourn  111,  Bange  21. — Forest. 

AU  timber  land;  surface  rolling;  draining  eastward;  soil  black  loam,  clay  sub- 
soil; area  of  lakes,  1694.41  acres. 

Totvn  112,  Bange  21. — Webster. 

Timber  and  brush  land;  surface  rolling:  drains  to  the  south  and  east;  soil 
light-colored  loam  over  clay.    Area  of  meandered  lakes,  208.81  acres. 

Town  109,  Bange  22. — Morristown. 

Nine  sections  in  southeast  part  prairie  land;  remainder  of  town  timber.  Can- 
non river  flows  easterly  through  the  center  of  township;  surface  rolling,  slopes 
towards  the  river;  soil  a  rich  black  loam  with  clay  subsoil.  Area  of  meandered 
waters,  935.70  acres. 

Toivn  110,  Bange  22. — SHiELT)syiLLE. 

Surface  rolling,  becoming  hilly  in  some  parts  of  the  town ;  soil  black  loam  over 
clay.  Area  of  lakes,  2574.23  acres.  The  Cannon  river  heads  in  Tufl*8  lake,  in 
Section  3. 

Totm  111,  Bange  22.— Erin. 

Surface  rolling  to  hiUy,  timber  and  brush  lands;  soil  rich  loam  over  day.  Area 
of  lakes,  856.32  acres. 

Toim  112,  Bange  22.— Wheatlakd. 

Surface  rolling  and  hilly;  soil  black  loam  on  day  subsoil;  timber  and  brush 
land.    Area  of  lakes,  307.27.acres. 
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Timber, 

As  before  stated  tke  eastern  portion  of  the  county  originally  pro- 
duced timber  only  along  the  streams.  Through  cultivation  for 
shade,  hedges,  protection  from  winds,  &c.,  timber  is  increasing  o\3r 
this  area. 

The  western  half  of  the  county  was  originally  covered  with 
heavy  timber — excepting  a  few  limited,  enclosed  spaces,  which  were 
open  prairie,  or  sparsely  covered  with  oak  and  under-brush — and 
forms  a  part  of  what  is  denominated  the  "Big  Woods." 

This  region  is  being  cleared  up  rapidly  and  there  are  now  many 
fine  farms  in  every  township  of  the  timber  regions  of  this  county. 

The  following  list  embraces  all  the  native  trees  and  shrubs  that 
were  noticed  during  the  survey.  It  is  not  believed,  however,  that 
It  includes  all  that  grow  naturally  in  the  limits  of  the  county  : 

Bass  wood.    Tilia  Americana.    L. 
Smooth  Sumach.    Rhus  glabra.    L. 
Jersey  Tea.    Ceanothus  Americanus.    L. 
Sugar  Maple.    Acer  saocharinum.     Wang. 
Silvery  Maple.    A.  dasycarpum.    Ehr. 
Red  or  Swamp  Maple.    Acer  rubrum.    L. 
Box-Elder.    Negundo  aceroides.    Moetich. 
False  Indig6.    Amorpha  fruticosa.    L. 
Locust.    Robinia  Pseudacacia.    L.    Cultivated. 
Cherry.    Prunus. 

Red  Raspbeny.    Rubus  strigosus.    Michx. 
.    Blackberry.    R.  villosus.    Ait 
Crab.    Pyrus  arbutifolia.    L. 
Dogwood.    Qomns  paniculata.    VHer. 
Woliberry.    Symphoricarpus  occidentalis.    R.  Br. 
Ash.    Frazinus. 

Slippery  Elm.    IJlmu«  fulva.    Michx. 
Butternut.    Juglans  cinerea.    L. 
Walnut.    Juglans  nigra.    L. 
Hickory.    Garya. 

Burr  Oak.    Quercus  macrocarpa.    Michx, 

•  Black  Oak.    Quercus  coccinea.     Wang.    Var  tinctoria.    Bartram. 
Wild  Hazle-nut.    Corylus  Americana.     Walt. 
Iron-wood.    Ostrya  Virginica.     Willd. 
American  Aspen.    Populus  tremuloides.    Michx, 
Cottonwood.    P.  monilifera.    Ait. 
Large-toothed  Aspen.    ^.  grandidentata.    Michx, 
Balm  of  Gilead.    P.  balsamifera.    L.    Var.  candicaus.    Ait, 
Red  Oak.    Quercus  rubra.    L. 
White  Oak.    Quercus  alba.    L. 
Wild  Plum.    Prunus  Americana. 
American  Elm.    Ulmus  Americana.    {PI  Clayt,)    Willd. 
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American  Crab.    Pjnis  Coronana.    L. 

Black  Cherry.    Prunus  serotina.    Ehr, 

Bittemut.    Carya  amara.    Nutt, 

Wild  Red  Cherry.    Prunus  Pennsylvanica.    L. 

Thorn  Apple.    Crateeg^us  Crus-galli.    L. 

White  Birch,    Betula  alba.     Var.  populifolia.    Spach. 

Small  Cedar.    Juniperus  Sabina.    L.     Var,  procumbens. 

White  Pine.    Pinus  Strobus.    L. 

Water  Beech.    Carpinos  Americana.    Michx, 

Cornel.    Comus  paniculata.    VHer, 

Cornel.    Comus  drdnata.    VHer, 

American  Woodbine.    Lonicera  grata.    AU, 

Juneberry.    Amelanchier  Canadensis.     Torr  dt  Gray. 

Dwarf  Wild  Rose.    Rosa  lucida. 

Pipe  Vine.    Aristolochia  Sipho. 

Grape.    Vitis  cordifoUa.    Michx. 

Virginia  Creeper.    Ampelopsis  quinquefolia.    Michx, 

Nine  Bark.    Spirsea  opulifoUa.    L. 

Bittersweet.    Celastrus  scandens.    L. 

Rose.    Rosa  blanda.    Ait. 

Lombardy  Poplar.    P.  dilitata.    Ait. 

Speckled  Alder.    Almus  incana.     Willd. 

GEOLOGICAL  STRUCTURE. 

In  general  the  drainage  of  Rice  county  is  toward  the  north  and 
east,  which  fact  indicates  the  relative  elevations. 

The  Chicago  and  Milwaukee  R.  R.  survey  (Minnesota  Div.)  found 
the  elevations  of  the  natural  surface,  where  the  railroad  crosses  the 
northern  line  of  the  county,  to  be  over  1050  feet  above  the  sea  level 
At  Faribault  depot  it  is  993  feet;  at  Dundas  depot,  945  feet;  at  North- 
field  depot,  905  feet.  The  entire  western  half,  and  the  southeastern 
portions  of  the  county  have  a  higher  elevation.  I  have  no  means 
of  knowing  positively  the  relative  elevations  or  the  highest  point 
in  the  county  ;  but  judging  from  appearanc^  I  conclude  that  the 
rolling  prairie,  on  which  Cannon  City  is  located,  is  the  highest  by 
least  100  feet. 

The  only  geological  formations  that  appear  in  this  county  are 
the 

Loam, 

Drift, 

Trenton  Limestone, 

St.  Peter's  Sandstone, 

Shakopee  Limestone. 
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In  general  appearance  these  formations  are  not  unlike  the  same 
formations  as  they  are  seen  in  other  portions  of  the  State,  and 
carefully,  described  by  Professor  Winchell  in  his  reports  made  dur- 
ing the  past  few  years.  Nor  did  I  find  in  the  county  any  remark- 
able special  peculiarities  in  any  of  the  formations. 

The  Loam  is  deep,  ^ark-colored  and  fertile,  over  nearly  all  the 
eastern  portion  of  the  county  ;  but  over  the  western  portion  as  a 
rule  it  is  thin.  • 

Drift, -consisting  largely  of  blue  clay  over-lain  by  a  grayish  yel- 
low clay,  characterizes  the  soil  of  the  western  half  of  the  county. 
Boulders  of  granite,  gneiss^  trap  and  porplyry  are  quite  abundant 
in  some  places ;  but  fine  clay,  with  small  quantities  of  gravel,  are 
the  rule  throughout  this  region.  No  well  yet  dug  in  the  western 
part  of  the  county  has  passed  through  the  blue  clay — though  some 
of  the  wells  are  over  100  feet  deep.  A  hint  as  to  the  depth  of  the 
clay  is  found  in  the  fact  that  a  well  dug  last  season  south  of  Bice 
county,  about  30  miles  west  of  Owatonna — near  Janesville — after 
passing  through  200  feet  of  blue  clay  reached  a  sandstone  said  to 
be  identical  with  the  St.  Peter's  in  appearance.  An  abundance  of 
good  water,  which  rose  to  within  30  feet  of  the  surfluje,  was  found 
between  the  clay  and  the  sandstone.  This  fact  should  be  considered 
by  the  residents  of  this  drift  and  timber  region,  as  many  of  them 
have  failed  to  secure  good  and  abundant  water  in  the  clay.  Indeed 
there  is  much  uncertainty  about  getting  good  well  water  in  this 
region.  Some  holes  at  100  feet  or  over  fail  to  bring  enough  water 
for  drinking  and  cooking  purposes.  Some  wells  that  furnish  an 
abundance  of  water  are  so  strongly  impregnated  with  mineral  im- 
purities as  to  be  nearly  useless,  while  others  are  quite  pure.  It  is 
possible  that  good  water  which  would  rise  nearly  to  the  surface 
might  invariably  be  procured  by  boring  through  the  clay  to  the 
under-lying  rock. 

Illustrations  of  the  peculiarities  of  the  deposits  in  this  region  are 
seen  in  the  following  facts  :  On  the  S.  E.  side  of  Union  Lake  (7 
miles  west  of  Northfield)  Mr.  B.  Benton  dug  40  feet  and  secured  an 
abundance  of  water,  but  is  strongly  impregnated  witji  some 
mineral  impurities.  About  40  rods  from  there  Mr.  M.  J.  Punk  se- 
cured better  water  at  16  feet ;  and  about  40  rods  further  Mr.  S.  A. 
Amsden  secured  nearly  pure  water  at  a  depth  of  36  feet. 

It  has  been  supposed  by  some  that  the  formation  underlying  the 
drift  throughout  the  timber  region  is  the  Cretaceous,  and  I  see 
that  Prof.  Harrington  in  his  report  on  Steele  county  expresses  his 
belief  in  the  existence  of  the  Cretaceous  along  that  belt.  I  am  not 
satisfied  that  such  is  the  fact.    To  my  mind  there  is  but  very  little 


Digitized  by 


Google 


122  ANKUAL  REPORT. 

eyidence  of  it ;  but  I  do  not  desire  to  discuss  ths  matter  till  I  have 
procured  more  light  on  the  subject.  At  present  my  belief  is  that 
the  drift  rests  immediately  upon  a  thin  remnant  of  the  St.  Peter 
sandstone.  Perhaps  in  some  places  the  St.  Peter  is  all  eroded  so 
that  the  drift  rests  immediately  upon  the  Shakopee. 

Reference  to  the  accompanying  colored  liiap  of  the  county  will 
show  the  areas  of  the  different  formations  as  they  give  evidence,  by 
exposure  and  by  topography,  of  underlying  the  deposits  of  drift 
and  loam. 

It  will  be  seen  that  the  Trenton  limestone  is  nearly  removed  from 
the  western  part  of  the  county,  the  bluffs  along  the  Straight  river 
to  a  point  a  little  south  of  Faribault,  and  a  hill  near  Northfield, 
being  the  only  places  where  it  occurs.  East  of  the  river,  however, 
it  is  extensive,  and  furnishes  abundance  of  material  for  building 
purposes  of  which  mention  will  be  made  under  the  head  "Material 
Resources." 

In  general  character  the  Trenton  resembles  so  closely  that  found 
in  other  parts  of  the  State,  and  so  carefully  described  in  previous 
reports  on  the  gurvey  of  the  State,  that  little  need  be  said  here. 

For  building  purposes  the  most  of  that  found  in  this  county  is 
superior  to  that  quarried  near  St.  Paul,  in  that  it  contains  less  clay 
and  does  not  weather  so  easily.  On  the  other  hand  the  Rice  county 
limestone  contains  more  concretionary  iron  pyrites,  and,  hence, 
necessitates  more  care  in  its  selection  for  architectural  purposes. 

The  Straight  river  cuts  through  the  Trenton  and  enters  upon  the 
St.  Peter  at  Walcott's  mill,  3  miles  south  of  Faribault.  At  a  point 
eight  miles  further  north  the  river  (having  now  become  the  Can- 
non) has  worked  its  way  through  the  St.  Peter  and  enters  upon  the 
Shakopee.  The  thickness  of  the  St.  Peter,  in  Rice  county,  is  from 
100  to  125  feet.  It  appears  in  the  form  of  cliffs  at  frequent  points 
along  both  sides  of  the  river  from  the  place  where  it  is  first  reached 
by  the  Straight  to  the  northern  limits  of  the  county,  and  in  the 
northeastern  part  of  the  county  it  frequently  appears  in  the  hills — 
indeed  it  largely  gives  character  to  the  topography  of  this  section. 

Judging  from  the  topography  also  I  am  satisfied  that  many  of 
the  hills  in  the  northwestern  part  of  the  county — in  Wheatland 
and  Webster  townships — consist  largely  of  the  St.  Peter ;  but  they 
are  so  heavily  covered  by  drift  and  timber  that  I  could  neither  find 
nor  learn  of  any  exposures.  In  Cedar  Lake  there  is  an  island  the 
topography  and  flora  of  which  indicate  the  St.  Peter,  capped  with 
Trenton.    I  was  unable  to  verify  this  by  excavations. 

There  is  no  place  in  the  county  where  the  St.  Peter  sandstone  is 
sufficiently  compact  and  firm  for  building  stone.    As  along  the 
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Mississippi,  it  may  be  remoTed  by  pick  and  shovel.    In  color  it  is — 
$s  along  the  Miss,  river — ^white  to  red,  according  to  the  percentage 
of  iron,  and  its  oxidation  resulting  from  exposuse.     No  fossils  are ' 
found  in  it  here. 

The  Shakopee  limestone  is  reached  by  the  Cannon  river  at  a 
X>oint  about  4  miles  south  of  Dundas — 6  milns  south  of  Northfield. 

On  leaving  the  county  one-half  mile  north  of  Northfield,  the 
river  has  cut  into  the  Shakopee  about  thij:ty  feet.  The  map  shows 
approximately  the  extent  of  this  formation  as  exposed.  The  de- 
scriptions of  it  in  preceding  reports  will  apply  to  the  formation  as 
seen  here. 

Material  Resources, 

Limestone — both  for  building-stone  and  for  quick-lime — and  sand 
for  mortar,  are  abundant  along  the  valleys  of  the  Cannon  and 
Straight  rivers,  and  throughout  the  western  half  of  the  county ; 
while  in  the  western  portion  no  limestone  is  found. 

Good  clay  for  the  manufacture  of  brick  is  sufficiently  abundant 
all  over  the  county. 

Stone  Quarries 

are  abundant  throughout  the  eastern  half  of  the  county.  The  bluflfe 
throughout  this  region  are  capped  by  a  layer  of  the  Trenton  varying 
from  a  few  inches  to  several  feet  in  thickness. 

The  various  neighborhoods  of  this  section  have  their  quarry,  or 
quarries,  from  which  all  the  building  stone  for  general  purposes  is 
easily  obtained. 

Prairie  Creek  Valley  has  scores  of  quarries  opened  along  its  bluffs; 
and  the  valley  of  the  Cannon  looks  up  to  as  many  more.  Good 
coursing-stone  is  furnished  at  Northfield  for  about  $6  00  per  cord. 

At  '*  Fall  Creek,"  3  miles  east  of  Faribault,  there  is  a  fine  deposit 
which  is  being  extensively  quarried  by  its  owner,  Mr.  Phillip 
Cromer.  The  deposit  of  limestone  here  is  about  12  feet  thick  and 
is  covered  by  about  4  feet  of  drift  and  loam.  The  strata  in  this 
quarry  range  from  3  to  12  inches  in  thickness  and  are  easily  quarried. 
The  upper  stratum,  8  inches  in  thicknesS;  is  quite  light-colored  and 
filled  with  fossils  which  are  so  thoroughly  cemented  and  transformed 
as  to  render  the  stone  compact,  while  its  fossiliferous  nature  is  still 
clearly  apparent.  But  few  specimens  of  fossils  can  be  enucleated. 
The  rock  is  infiltrated  by  gypsum  and  Iron  Pyrites  which  often 
cement  its  seams  quite  firmly. 
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Mr.  Cromer  sells  undressed  stone  for  prices  ranging  from  $5.00  to 
$16.00  per  cord.  The  greater  part  of  his  business  however  is  in  the 
best  varieties,  which  he  sells  by  the  cubic  foot,  at  prices  ranging 
from  25  cents  to  75  cents. 

Mr.  N.  Lord,  2  miles  south  of  Faribault  on  the  west  side  of  the 
river,  has  two  quarries  opened,  from  which  he  has  sold  as  high  as 
300  cords  in  one  year. 

In  Richland  township,  bordering  on  Qoodhue  county,  Messrs. 
Halver  Johnson  and  Peter  Halverson  have  each  a  fine  quarry  at 
which  I  saw  about  100  cords  ready  for  market. 

Messrs.  I.  Lenhart,  A.  Revere,  C.  Stetson,  D.  Furguson  and  P.  ' 
Oleson  are  the  principal  qoarrymen  in  the  vicinity  of  Northfield ; 
and  on  Prairie  Creek,  in  Wheeling  township,  Messrs.  J.  Thomj^on, 
A.  KnapfandS.Aslagson  do  quite  an  extensive  business  in  quarrying 
.  for  their  neighbors.  * 

Litne  Kilns. 

The  upper  tour  strata  of  the  Lower  Trenton  formation  as  exposed 
in  this  county  furnish  tolerably  good  material  for  quick-lime,  though 
in  some  places  the  deposit  is  too  silicious,  and  in  no  place  is  the 
lime  obtained  sufficiently  white  for  fine  work.  When  first  burned 
the  lime  is  yellowish  in  color,  but  when  slacked  is  nearly  white.  It 
is  excellent  lime  for  stone  work. 

Though  lime  has  been  burned  in  every  township  of  the  county 
east  of  the  Cannon  river,  it  is  not  now  made  a  regular  and  paying 
business  except  at  Phillip  Cromer's  kiln,  on  Fall  Creek,  near  Fari- 
bault. Mr.  Cromer  uses  a  patent  kiln  and  burns  from  3,000  to 
3,500  barrels  a  year,  which  he  sells  at  65  cents  per  barrel.  Three 
other  kilns  near  Fairbault,  owned  respectively  by  Messrs.  Pond,  Lee 
and  Lord,  bum  in  the  aggregate  about  1,000  barrels  per  year.  There 
is  a  kiln  one  mile  from  Northfield,  in  Dakota  county,  which  supplies 
Northfield  and  vicinity.  This  kiln  burns  its  lime  from  the  l^est 
strata  of  the  Shakopee  formation.  In  general  character  the  lime  is 
like  that  of  the  Trenton. 

Brick, 

Rice  county  contains  an  abundance  of  clay  for  the  manufacture 
of  brick  but  none  has  been  found  sufficiently  fi^e  from  iron  to 
make  the  white  or  cream-colored  brick.  At  Faribault  Mr.  J.  G. 
McCarthy  makes  about  700,000  per  year,  which  he  sells  at  $6.00 
per  thousand.  One  season  he  made  one  million.  All  the  clay  of 
this  section  is  so  clear  that  to  make  good  brick  it  is  necessary  to  add 
sand. 
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Henry  Durliam,  of  Faribault,  bums  about  300,000  per  year  and 
finds  lying  immediately  under  the  clay  a  stratum  of  sand  for  mixture 
with  it. 

Another  brickyard  has  been  started  at  Faribault  this  season.  Its 
character  and  success  are  not  determined.  At  Prairieville,  Messrs. 
Meisner  and  Leonard  are  making  about  300,000  per  year.  Their 
brick  are  said  to  contain  considerable  lime  and  to  be  very  good.  At 
Morristown,  Mr.  Pettiel  makes  about  50,000  per  year.  Three  miles 
northeast  of  Faribault,  Mr.  Dungay  is  making  the  best  brick  yet 
produced  in  the  county.  His  product  so  far  has  been  but  about 
100^000  per  year,  but  these  have  been  softl  at  from  $7.50  to  $8.00 
per  thousand.  At  Shieldsville  one  kiln  is  burned  each  year  for 
home  supply,  and  at  Northfield  one  or  two  small  kilns  are  burned 
every  season. 

During  the  past  season  a  bank  of  clay  has  been  opened  about 
three  miles  from  Northfield  and  brick  for  the  new  college  building 
(St.  Olaf  s)  have  been  burned.    They  are  pronounced  of  fine  quality. 

In  making  the  survey  of  this  county  I  am  especially  indebted  to 
Surveyor  Jewett,  of  Faribault,  for  surveyor's  notes  of  the  county, 
to  Professor  J.  J.  Dow  of  the  State  Blind  Asylum,  at  Faribault,  for 
his  valuable  company  and  assistance  during  several  of  the  days 
occupied  in  field  work,  and  to  Professor  B.  F.  Thomas  of  CarletoiL 
College,  who  also  rendered  valuable  assistance. 

At  some  convenient  time  in  the  future  I  shall  hope  to  make  a 
supplementary  report  concerning  some  farther  facts  and  features 
pertaining  to  the  Geology  of  this  county. 
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CHEMISTRY. 


REPORT  OF  PROF,  PECKHAM. 


Frof.  N.  H.  Winchell, 

Mt  Dear  Sib  : — The  chemical  work  for  the  Geological  Survey 
during  the  last  year  has  been  as  follows  : 

The  analysis  of  the  ashes  of  17  specimens  of  peat 

The  aualvsis  of  four  specimens  of  peat  as  fuel. 

tlie  analysis  of  the  water  of  the  Belle  Plaine  salt  spring,  so- 
called. 

The  examination  of  13  specimens  of  water  from  the  Red  Rivet 
Valley. 

The  examination  of  3  specimens  of  water  from  Brainerd. 

The  examination  of  three  specimens  of  limestone,  and  of  concre- 
tions from  the  brick  clay  at  Minneapolis. 

The  results  of  the  examination  of  the  peat  and  peat  ashes  are 
herewith  submitted.  The  water  from  Belle  Plain  was  procured  by 
m^rself  about  the  first  of  last  May.  On  reaching  Belle  Plaine  I  en- 
quired for  the  spring  from  which  the  salt  water liad  formerly  been 
obtained  and  was  informed  that  the  bank  had  caved  in  upon  it  and 
it  was  filled  up  with  earth.  I  was  further  informed  that  the  water 
oozing  from  the  base  of  the  bluff  was  as  salt  as  an^  water  about 
there.  I  then  enquired  about  the  well  and  the  possibility  of  getting 
some  water  from  the  boring.  I  was  informed  that  no  water  could 
be  procured  from  that  source  as  the  pump  had  been  taken  out  and 
the  level  of  the  water  was  many  feet  from  the  sur&ce.  The  station 
agent  confirmed  this  information  and  I  saw  no  other  resource  but  to 
collect  such  water  as  I  could  from  that  flowing  from  the  bluff.  I 
brought  this  to  the  Labratory  and  soon  found  that  this  specimen 
was  nothing  more  than  hard  well  water,  confirming  the  results  of 
the  examination  that  I  made  in  1873-4.    I  afterwams  met  a  gentle- 
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man  who  resided  in  Belle  Plaine,  who  confirmed  the  statement  pre- 
viously made  to  me  that  I  had  probably  got  a  specimen  of  as  salt 
water  as  any  that  was  to  be  had  there  now. 

Having  ascertained  that  there  was  a  comparatively  small  amount 
of  solid  matter  in  the  water,  of  which  only  a  very  small  proportion 
was  chlorides  of  any  kind,  that  the  water  contained  principcJly 
bicarbonates  of  lime  and  magnesia  with  some  sulphates  and  chlo 
rides ;  in  fact,  as  stated  above,  that  the  water  was  nothing  but  a 
hard  well  or  spring  water,  I  concluded  that  it  would  be  useless  to 
make  an  estimate  of  the  gasses  dissolved  in  the  water,  or  of  the 
substances  contained  in  small  quantity,  and  therefore  ^ter  com- 
pleting the  estimates  then  begun  I  did  not  continue  the  examina- 
tion further.  ♦* 

But  one  of  two  conclusions  can  be  entertained  in  reference  to 
these  results ;  either  the  wrong  water  has  been  examined  or  the 
Belle  Plaine  salt  springs  do  not  yield  salt  water.  I  purposely 
avoided  seeking  any  pames  at  Belle  Plaine  who  had  been  hitherto 
interested  in  the  salt  operations  there,  as  I  did  not  wish  to  prejudice 
my  results  for  or  against  any  persons  or  interests. 

The  examination  of  the  specimens  of  Bed  River  water  made  dur- 
ing the  summer  vacation  have  been  previously  reported  unon. 

The  examination  of  the  water  from  Bndnerd  has  been  already  r^ 
ported  upon. . 

The  Belle  Plaine  Water. 

Mineral  matter  in  solution \ 25.10  grains  to  gall. 

Organic  and  volatile  matter  in  sulution 5.87     ^         ^ 

Total  solid  matter  in  solution 30.47     "         " 

Chlorine,  CI 3.152     '• 

SiKca,  SiOa 1.465     '' 

Ferric,  aluminic  and \    a?a^    I a^q      u 

phosphoric  oxide 1   ^^^^    sV.V.V. 

Barium  sulphate .Ba  SO4 A  trace  *^ 

Sulphuric  oxide SO3. 1.033     " 

lame CaO 5.896     " 

Magnesia MgO 544     " 

Alkalies  and  carbonic  oxide  (COa)  were  not  determined* 
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Had  been  dried  about  three  years. 
Had  been  dried  about  three  years. 
Had  been  dried  about  three  years. 
Had  been  dried  about  three  years. 

Nos.  46,  47  and  48  are  limestones.*  They  were  examined  for  the 
total  amount  of  matter  insoluble  in  hydrochloric  acid,  water,  iron, 
alumina,  phosphate  of  iron,  lime  and  magnesia  in  the  soluble  portion. 
As  there  was  only  a  trace  of  soluble  silicate  and  phosphates  the 
lime  and  magnesia  were  calculated  as  carbonates.  No.  47  gave  a 
small  per  cent  of  alkalies,  not  an  unusual  ingredient  of  lime  stones. 
Nos.  46  and  48  gave  only  a  trace  of  alkalies. 

*No.46  was  a  sample  of  the  common  building-stone  from  Minneapolis— **  No.  5"  of  Uie 
section  below  the  University,    Report  for  1876.  p.  149. 

No.  47  was  a  sample  of  the  building-stone  from  Taylor's  quarry,  near  Fountain,  FiU- 
more  countv,  and  was  compact  and  non-argillaceous. 

No.  48  was  a  sample  of  the  Impure  limestone  from  Minneapolis,  from  **No.  1 "  of  tiia 
section  below  the  University.    Report  for  1876,  p.  148.— N.  H.  W. 
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Analysis  gave  the  following  results: 
No.  46. 

Portion  insoluble  in  hydrochloric  acid 14.45  per  cent. 

Water  (H,  0) 1.60       '' 

Ferric  oxide  (Fca  0  3),  Alumina  (AI2  0  3) )  ^  ,t/x       u 

Ferric  phosphate  (Fe,  P,  Os) )  ^'^^ 

Carbonate  of  Lime  (Ca  CO, ) 75.482     " 

Carbonate  of  Magnesia  (Mg  CO3 ) 6.810     " 

100.043      " 
Alkalies,  sulphuric  acid  and  solouble  silica,  of  each  a  trace. 

No.  4r. 

Portion  insoluble  in  hydrocloric  acid 9.890  per  cent. 


Water  (H,  O). . . .  .^. 0.240 

Carbonate  of  Lime  (Ca  CO3 ) 86.107 


Ferric  oxide  (Fca  0%  alumina  (AU  O3) )     -,  qaa       u 

Ferric  phosphate  (F,  Pa  Os) J     ^'"^^ 


Carbonate iof  Magnesia  (Mg  CO3) 00.470 

Alkalies 440       " 

99.447       " 
Sulphuric  acid  and  soluble  silica,  of  each  a  trace. 

No.  48. 

Portion  insoluble  in  hydrochloric  acid 16.220  per  cent. 

Water  (H,  0) 0.375       " 

Ferric  oxide  (Ha  0),  Alumin^)Ala  O3) )  o  r.^^       u 

Ferric  phosphate  (Fca  Pa  Os) f  "^'^'^ 

Carbonate  of  Lime,  a 54.533       " 

Carbonate  of  Magnesia 36.002       " 

100.205       " 

The  magnesia  is  a  firaction  of  one  per  cent  too  high.  Alkalies, 
sulphuric  acid  and  soluble  silica,  of  each  a  trace. 

These  results  would  give  these  limestones  the  following  values 
for  burning  into  lime.    If  completely  burned, 

100  pounds  of  No.  46  would  give  61  pounds  of  lime. 

4fc  4b  tk         fci         AIT  a  U        ^A  bfc  U  ii 

U  ii  (4        ((        AQ  U  (4        go  '4  fc^  'fc 

Of  the  61  pounds  of  No.  46,  45.5  pounds  are  available  for  mortar. 

44         44      £^  4b  4b         b»       AJ     4.0  ^»  ^^  ^^  ^^  ^* 

u    u   52      "        »    "    48^  42.5      "        "  "         "        " 

9 
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The  mortar  from  Xos.  46  and  47  would  be  nearly  a  pure  lime 
mortar,  that  from  No.  48  would  be  one-third  a  magnesian  mortar. 

One  houndred  pounds  of  pure  carbonate  of  lime  will  yield  lifty- 
six  pounds  of  lime,  after  burning,  all  of  tvhich  would  be  available 
for  mortar. 

Practical  results  would  vary  somewhat  from  the  above  as  more 
or  less  skill  was  exercised  in  burning  the  limestone. 

No.  54.    Lim^  Concretitms  found  in  the  Brick  Clay  at  Minneapolis, 

Matter iiiJiiiluble in  hydrochloric  acid,  chiefly  FeaO^  -  4.63  per  cent 
Calcium  Carbonate? 94.sa 


ddAo       "    . 

There  was*  iilrto  a  trace  of  jiiagiiesiiim  carbonate  and  organic 
matter. 

Feb.  25,  1S78,  # 

Hsport  on  Sttkd  ^os.  4^J^  50  ffntl  51^  Well   11* (iters  from  Sniinerd, 


1 

I 

i 

ll 

1  i\^i 

iiii 

r 

1 

r 

1 

4 

i 

1 

REMARKS. 

SuipUuiicund 

a  H.  AlHop., 

41} 

31.2^7 

Si  2iJ3 

7  (Xi4    HJ72 

11.421 

1 4.  M3  ■42.728  132, 

40. 

C&rboiiic  Adds, 

1 

»trac«. 

Al.  White,. ,.- 

50 

ie,&iii 

13.250 

3  2*J9l  G  12ft 

a."2iu 

!>.33!l 

4, 0117 

0. 

a. 

Lelaucl  HmLie- 

51 

37,211 

atijjar 

G.atHl  il.1123 

1.3TS 

14.301 

.10.900 

ao. 

13. 

^t          11 

These  waters  are  very  unlike.  Kf).  40  is  a  hard  well  water,  veiy 
bad  iiitleed  from  free  and  albuminoid  ammonia.  The  latter  might 
be  derived  from  deconipoaiag  vegetation,  but  the  free  ammonia  in 
such  large  quantities  give?^  unmistakable  proof,  in  the  absence  of 
other  causeii  for  its  presence,  of  sewage  eontiimination.  No,  40  also 
contains  a  very  large  proportion  of  chlorine  whit;h  is  also  proof  of 
contamination,  ^  o.  50  u  a  pure  well  water,  somewhat  hanl,  but 
very  fi'ee  froai  aminouia  in  any  form.  The  amoimt  of  chlorine  is 
also  smalL  No,  51  Ls  harder  tnarx  No.  41*.  It  eou tains  less  ammonia 
than  40  but  still  siiflicieut  to  indicate  contamination,  especially 
when  considered  with  the  large  amount  of  eh  lorine  that  it  contains. 
All  three  of  tbe.se  watei's  contain  only  a  trace  of  sulphuric  acid  SO^ 
and  a  very  little  carbonic  acid  (Ct>a),  In  waters  containing  so  much 
chlorine  it  is  useless  to  attempt  to  estimate  ealeiom  and  magnesium 
with  soap  ;  the  method  of  Parke's  does  not  answer,  e3:cepting  for 
those  waters  containing  carbonates  as  I  have  stated  in  a  former  re- 
port. 
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Nothing  in  the  appearance  of  these  specimens  would  indicate 
that  there  was  any  difference  between  them  or  that  they  were  un- 
Uke  ordinary  well  or  spring  water. 

Respectfully  submitted, 

S.  F.  PECKHAM. 
Minneapolis,  Minn.,  Dec.  11th,  1877. 

P.  S. — Dec.  29th.  In  49  and  51  the  chlorine  appears  greater  in 
amount  than  the  total  solid  matter.  This  chlorine  is  correct  and 
doubtless  exists  in  some  volatile  form.  There  wa&not  water  enough 
for  me  to  ascertain  to  what  cause  the  discrepancy  is  due,  but  tne 
reason  assigned  above  is  I  think  adequate. 

S.  F.  P. 
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ENTOMOLOGY. 


REPORT  OF  ALLEN  WHITMAJf. 


Prof,  K  H.  WincheU,  State  Geologist: 

Sir  : — I  have  the  honor  to  contribute  to  The  Geological  and 
Natural  History  Survey  of  Minnesota  the  following  entomological 
notes  for.  the  year  1877.  They  refer  mostly  to  the  locust,  with  the  dis- 
appearance of  which  we  are  left  once  more  to  contend  only  with  some 
of  the  common  pests  of  the  garden,  and  of  fruit,  shade  and  forest  trees. 
In  this  respect  we  are  fortunate  that  we  still  lie  outside  of  the  range  of 
some  of  the  most  pestilential  enemies  of  the  grain  and  com  fields  ; 
and  although  a  persistent  cultivation  of  any  growth  will  probably 
bring  in  time  all  the  insect  enemies  of  that  growth  which  are  capa- 
ble of  existence  and  reproduction  here,  we  are  subject  for  the  present 
only  to  the  attacks  of  enemies  not  numerous  in  species  nor  excessive 
in  jmmber  when  compared  with  those  of  longer  cultivated  and  more 
thickly  settled  States.  These  however  are  troublesome  enough  and 
are  attracting  more  and  more  the  attention  of  our  horticultural  and 
agricultural  societies,  as  they  have  already  attracted  that  of  the  few 
gentlemen  in  the  State  who  have  been  able  to  devote  to  the  study 
of  Entomology  a  portion  of  the  time  largely  due  to  other  pursuits. 

It  is  hardly  the  work  of  the  Geological  and  Natural  History  Sur- 
vey to  furnish  instruction  in  elementary  or  economic  entomology. 
Circumstances  have  made  it  seem  necessary  or  desirable  to  col- 
lect all  possible  information  on  the  subject  of  the  locust,  par- 
ticularly that  species  which  has  become  so  well  known  in 
this  State  of  late  years,  in  regard  to  which  much  is  still  to  he 
learned,  and  which  is  still  a  kind  of  fabulous  bugbear  to  those 
States  which  are  free  from  it.  For  the  purpose  of  completing  what 
has  already  been  written  in  previous  reports,  the  subject  is  here 
continued.  But  that  there  are  other  insects  in  regard  to  whose 
habits,  together  with  the  best  means  of  protection  from  them,  our 
faruiers  and  gardeners  could   be  profitably  instructed.  i«  shown  bv 
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the  attention  which  has  been  paid  to  the  subject  during  the  past 
year  at  the  meetings  of  our  horticultural  and  agricultural  societies, 
and  by  the  (unsuccessful)  attempt  made  in  the  last  legislature  to 
obtain  a  meagre  appropriation  for  the  purpose  of  issuing  a  pamphlet 
to  meet  the  supposed  need  of  it.  It  is  too  often  the  case  that  the 
inability  to  provide  against  injuries  results  from  a  lack  of  that 
knowledge  of  tlie  growth  and  transformation  of  insects  that  ought 
to  be  in  the  possession  of  even  the  children  in  our  common  schools; 
while  many  pests  which  are  practically  known  to  every  gardener 
.  while  in  their  destructive  stage,  are  wholly  unkjpown  to  him  in 
those  stages  when  they  are  preparing  to  commit  future  injury. 
The  State  Entomologists  of  Missouri  and  Illinois  (and  perhaps 
other  States,)  have  considered  it  worth  their  while  to  preface  their 
earlier  reports  with  brief  manuals  of  elementary  entomology.  A 
small  pamphlet  of  this  kind  with  brief  notices  of  the  form,  growth 
and  habits  of  some  of  our  most  common  species  of  injurious  insects 
might  be  issued  by  the  Agricultural  Department  of  the  State  Uni- 
versity (as  has  been,  done  at  the  Ag;ricultural  College  of  Michigan,) 
and  would  i^ender  great  service.  In  addition  to  this  every  one  who 
is  interested  in  the  matter  may  contribute  by  sending  to  the  Museum 
of  Natural  History  at  the  State  Universiiy,  specimens  of  every 
kind  of  destructive  insect,  in  all  forms  or  stages  of  it  that  are  capa- 
ble of  preservation.  A  collection  formed  in  this  way  would  in  time 
become  of  great  practical  value,  and  at  the  meetings  of  the  horti- 
cultural and  agricultural  societies  at  Minneapolis,  would  become 
available  to  a  large  number  of  pei*sons. 

Not  to  go  outside  of  our  cities,  a  large  percentage  of  the  yeai'ly 
injury  or  ruin  to  our  shade  trees,  is  occasioned  or  increased  by  in- 
sects, while  oftentimes  the  owners  entertain  no  suspicion  of  the 
cause  of  the  evil.  We  set  out  maples  again  and  again,  to  be  seriously 
damaged  by  the  havoc  of  boring-beetles  or  of  the  Maple  Aegerian, 
while  the  box-elders  are  defoliated  and  rendered  unsightly  oy  the 
caterpiller  of  an  insignificant  yellow  moth. 

Outside  of  the  cities,  in  addition  to  the  damage  inflicted  by  the 
locust,  the  Colorado  Potato  Beetle  has  done  perhaps  more  injury 
than  in  any  year  since  1870,  while  certain  blister-beetles  and  the 
potato-stalk  weevil  have  been  m(  re  noticeable  than  before.  While 
this  is  in  writing  ihe  report  of  the  Hon.  T.  M.  Metcalf,  Commis- 
sioner of  Statistics,  for  the  year  1877,  states  that  the  Chinch  Bug 
has  committed  considerable  injury  in  Houston  county  during  the 
year.  As  this  is  an  enemjr  to  a  considerable  extent  unknown  to 
our  farmers,  I  add  a  few  bnef  notes  in  regard  to  it,  with  the  hope 
that  they  may  be  of  some  value,  if  the  evil  makes  its  appearance 
again  this  year. 

Another  insect  which  has  appeared  in  far  greater  numl:)^rs  than 
usual  during  the  year  is  the  Teut  Caterpillar  of  the  Forest,  (Clisio- 
campa  Silvatica.  Harris.)  I^Vid.  Harris'  Report  p.  375  and  Kiley's 
Third  Annual  Report  of  the  State  of  Missouri.]  These  were  abun- 
dant about  Brainerd,  as  is  shown  by  the  following  : 
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Bbainbrd,  Minn.,  July  6th,  1877. 

Dear  Sir  : — I  send  you  by  express  a  few  specimens  of  the  anny  worm.  East 
of  this  place  they  are  very  abundant,  and  the  northern  limit  of  this  caterpillar  is 
unknown.  They  have  been  obsei-ved  one  hundred  and  fifty  miles  north  ot  us  (by 
the  Mississippi  nver)  on  that  stream. 

They  eat  the  oak  and  bass  wood  only.  In  the  vicinity  of  Island  Lake  on 
the  line  of  the  N.  P.  Railway,  they  hive  been  very  plenty,  but  are  decreasing, 
advancing  southward.  Yours  most  truly, 

J.  C.  ROSSER. 

The  following  extract  probably  refers  to  the  same  insect: 

"The  caterpillars  have  again  made  their  appearance  in  large  numbers  m  the 
timber  in  the  vicinity  of  Eagle  Lake,  and  are  eating  the  foliage  of  the  trees,  in 
many  instances  almost  stripping  tliem  bare.  Last  yeai*  they  occupied  the  same 
distnct,  covering  a  district  from  four  to  six  miles  m  extent.  Tliis  year  they  are 
more  numerous,  and  we  suppose  are  gradually  extending  their  operations."— 
Mankato  Review^  June  12th^  1S77, 

The  works  referred  to  above  describe  this  insect  very  fallj,  and 
give  the  means  of  preventing  its  increase. 

THE  ROCKY  MOUNTAIN    LOCUST. 

The  area  of  the  egg  deposits  for  the  year  1876  will  be  found  on 
the  ''Map  of  Locust  Areas/'  in  the  report  of  the  Geological  and 
Natural  History  survey  of  that  year.  The  statements  upon  which 
this  was  based  came  fron>over  six  hundred  townships  in  about  forty 
counties.  The  reports  as  to  the  density  of  these  deposits  variea 
greatly  in  the  dififerent  counties.  It  was  generally  thought  that  there 
were  very  few  or  no  eggs  along  the  Dakota  line,  and  in  most  of  the 
territory  where  the  young  had  natched  in  1876  ;  that  they  were  more 
numerous  along  the  eastern  line  of  the  egg-area,  where  however  but 
comparatively  iew  appeared  in  the  Spring  ;  and  more  numerous  still 
in  a  strip  of  country  reaching  southeastward  from  Otter  Tail  to  Blue 
Earth  and  including  those  counties,  and  in  fact  it  was  in  this  strip 
of  territory  out  of  all  the  locust  region  from  Minnesota  to  Texas, 
that  the  greatest  damage  of  the  year  1877  occurred.  The  eggs 
were  also  thickly  laid  in  the  southern  range  of  counties  from  Rock 
to  Freeborn  as  well  as  in  nearly  every  county  in  Iowa  lying  south 
of  these,  but  all  this  portion  of  the  locust  region,  both  in  Minnesota 
and  Iowa,  escaped  with  far  less  damage  than  had  been  expected,  and 
in  nearly  every  case  with  the  best  crops  known  for  yeai-s. 

PROGRESS  DURING  THE   SPRING. 

The  locust  events  of  the  spring  and  summer  were  a  succession  of 
hopes  and  disappointments,  ending  finally  in  a  large  measure  of 
unexpected  success.  The  warm  weather  of  February,  followed  by 
severe  cold  in  March,  seemed  to  exert  in  most  eases  no  appreciable 
efifect  upon  the  vitality  of  the  eggs.  It  was  forgotten  that  the 
weather  reports  of  March  and  April  for  the  past  four  years  would 
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show  that  the  eggs  are  almost  every  year  subjected  to  more  or  less 
freezing  and  thawing!  When  the  hatching  time  came  the  young 
foiled,  for  various  causes,  to  appear  in  large  numbers,  in  many 
places  where  the  eggs  had  been  laid  at  least  as  thickly  as  in  previ- 
ous vears ;  but  on  the  other  hand  they  came  forth  in  such  over- 
whelming numbers  in  other  places,  that  the  unequal  conditions  of 
the  dififerent  parts  of  the  locust  area,  added  to  all  the  uncertainties 
of  what  the  next  few  weeks  would  bring,  rendered  the  loosely  drawn 
and  self-contradictinc  bounty  law*  of  1876  an  obvious  failure,  and 
no  steps  were  ever  taJken  to  carry  it  into  eflFect.  The  prospect  dur- 
ing the  last  ten  days  of  May  was  disheartening.  In  thirteen  coun- 
ties, in  parts  of  some  ajid  in  nearly  the  wnole  of  others,  clean 
sweeping  destruction  of  wheat  and  serious  injury  to  many  other 
crops  were  already  in  progress,  while  in  about  twenty  other  coun- 
ties the  young  had  appeared  in  sufficient  numbers  to  cause  great 
apprehension.  From  the  first  of  June  onward  there  was  marked 
improvement ;  where  the  locusts  were  excessively  numerous  and 
where  the  wheat  had  been  trimmed  to  the  ground  at  that  date,  the 
crops  failed  to  recover  ;  but  where  the  growth  still  remained  or  had 
not  been  badly  eaten,  the  comparative  amount  of  injury-  grew  less 
from  day  to  day  until  the  crops  for  the  most  part  were  safe  except 
from  migrating  swarms.  Then  followed  a  series  of  migrations  in 
July  and  August,  which  though  they  added  a  little  to  the  territory 
already  injured,  were  so  different  from  those  of  other  years  as  to  be 
mainly  harmless.  The  result  of  all  this  was  far  different  from  any- 
thing which  could  have  been  expected  in  May,  and  the  returns  of 
the  Commissioner  of  Statistics  for  1878  will  probably  show  that  the 
locusts  destroyed  more  bushels  of  grain  in  1877  than  have  been 

Gkneral  Laws  of  Minnesota  for  1877;  Chapter  86.— The  act  appropriates 
$100,000  for  the  destruction  of  grasshoppers  and  their  ejrjjs.  The  bounty  is  to  be  paid 
only  to  persons  livlnj?  within  counties  affected  by  grasshoppers.  The  sums  to  be  paid 
are  as  follows  :  fifty  cents  per  gallon  for  eggs  ;  one  dollar  per  bushel  for  grasslioppers 
caught  previous  to  tlie  25th  of  May  ;  fifty  cents  per  bushel  from  the  'JSth  oi  May  to  the 
10th  of  June  ;  twenty-five  cents  per  busliel  from  the  loth  of  June  to  tlie  1st  of  July,  and 
twenty  cents  per  bushel  from  the  1st  of  July  to  the  1st  of  Ootober.  Instead  of  "caught'' 
it  would  be  l>etter  to  use  the  word  "delivered,"  for  ol*vious  reasons. 

Other  sections  provide  for  the  delivery  of  captured  grasshoppei-s  to  measure i-s  a]>j)olnt- 
ed  (t)y  tlie  Governor)  for  each  township,  and  lor  payment  of  bouutv  tiuough  certift'^ates 
Issued  by  county  auditoi-s,  audited  by  boards  of  county  connnissloncrs.  filed  with  the 
State  Auditor,  and  paid  with  his  warrant  upon  the  State  Treasurer.  Although  the  pro- 
visions ol  the  act  extend  to  October  1st,  the  monev  appropriated  by  the  act  can  be 
applied  only  to  the  paynjent  of  certificates  filed  with  the  State  Auditor  on  or  before 
July  15th.  If  the  amount  of  these  certillcates  exceeds  Sioo.ooo  they  are  to  be  paid  by 
the  State  pro  rata  to  the  amount  of  ■$100,000.  and  tlie  balance  in  full  paid  by  the  counties 
according  to  the  amounts  due  on  certificates  issued  by  each  county.  Furthermore  ; 
*Tia  other  or  greater  amount  than  3100,000  shall  ever  be  paid  under  the  provisions  of  this 

It  is  entirely  an  unfair  proportion  between  the  price  to  be  paid  up  to  May  25th  (one 
dollar  per  bushel,  which  is  none  too  much)  and  from  June  lotlito  July  1st,  (25  cents  per 
bushel,)  when  the  locusts  are  in  the  pupa  or  winged  state,  and  may  easily  be  caught  by 
the  barrel,  after  nlirlitfall.  One  farmer  estimated  the  amount  cauglit  by  him  at  this 
period  at  400  bushels  ;  another  at  800  bushels.  Besides  this,  it  was  obvious  before  May 
ended  that  a  few  of  the  worst  infested  counties  would  easily  exhaust  nearly  the  whole 
appropriation,  perhaps  without  saving  any  great  amoimt  of  crops  ;  while  otnei-s  (which 
finally  escaped  almost  unharmed  without  any  use  of  the  bounty  law,)  would  liave  to  be 
responsible  for  nearly  the  whole  of  Us  bounty  certificates. 

Other  sections  provide  for  one  day's  labor  per  week  of  all  males  between  twenty-one 
and  sixty,  in  the  several  townships  of  the  afflicted  counties,  for  five  weeks  after  the  grass- 
hoppers become  large  enough  to  be  caught  easily  ;  sucli  labor  to  be  performed  under 
the  direction  of  ovei*seers  of  highways,  \vlio  are  to  gi\e  notice  of  the  time  and  place 
where  it  is  required. 

This  is  liable  to  call  a  man  away  from  the  defence  of  his  own  field  at  the  ver>'  time 
when  he  is  most  needed  at  home.  The  same  amount  of  labor,  assessed  hrforc  tJu  a^ci^^- 
hopper»  hatch,  in  destroying  eggs,  or  in  ditching  to  prevent  incuisions,  would  prove  far 
more  effective. 
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destroyed  in  any  other  year,  and  that  the  amount  left  to  harvest 
fullv  equalled  any  annual  crop  yet  produced.  * 

The  causes  of  this  unexpected  result  are  for  the  most  part  a  series 
of  favorable  climatic  conditions.  As  in  the  year  1876  the  returns  of 
locust  damage  inflicted  mostly  in  July  and  August,  included  a  consid- 
erable diminution  of  the  wheat  crop  by  drouth  in  June,  so,  on  the 
other  hand,  counties  harvesting  a  full  average  crop  in  1877  will  prob- 
ably report  no  damage,  even  where  the  crop  was  really  somewhat 
reduced  by  the  locusts.  For  once,  the  farmer,  taking  the  annual 
chances  of  rain,  hail,  blight,  drouth,  insects  and  other  destructive 
agencies  to  which  he  is  from  time  to  time  subjected,  has  found  the 
influences  of  climate  to  be  so  largjely  in  his  favor  as  to  ofiiet  what 
otherwise  promised  to  be  an  unmitigated  evil,  and  if  it  is  not  prob- 
able that  tne  state  will  be  often  overrun  by  locusts  in  any  series  of 
years,  it  is  still  less  likely  that  in  any  one  '*  locust-year  "  the  hatch- 
mg  will  again  be  reduced  to  a  nullity  through  so  large  a  portion  of 
the  egg-area.  But  that  events  of  this  kmd  do  actually  repeat 
themselves  in  the  long  run,  is  shown  by  the  fact  that  the  locust 
events  of  1857  (so  far  as  they  can  be  recalled)  ai-e  almost  exactly  re- 
peated in  1877,  in  the  thick  deposit  of  eggs,  in  the  character  of  the 
spring  weather,  in  the  damage  which  proved  less  than  anyone  had 
expected,  and  in  the  final  departure  of  the  migrating  swanns  in  July 
and  August  to  some  unknown  destination  from  which  they  failed 
to  emerge  in  great  numbers  for  several  years.  Of  course  all  that  is 
here  stated  of  the  successful  results  of  the  harvest  of  1877  is  said 
with  a  full  knowledge  of  the  sweeping  destruction  in  some  of  the 
worst  ravaged  counties,  but  also  \vith  a  consideration  of  all  those 
counties  where  the  locusts  failed  to  inflict  injury,  and  where  it  would 
have  surely  followed  in  a  spring  resembling  that  of  1876. 

Other  and  less  considerable  causes  tended  to  reduce  the  expected 
percentage  of  injury.  These  were,  a  certain  but  hardly  calculable 
amount  of  destruction  of  the  eggs  b}'  insect  and  other  enemies,  and 
a  partial  failure  of  the  eggs  to  hatch,  "'  from  causes  unknown  ;"  a 
comparatively  trifling  destruction  of  the  young  by  snow  storms  at 
the  end  of  April ;  and,  more  eflicient  wherever  applied,  the  destruc- 
tion of  the  eggs  by  plowing  and  harrowing  the  egg-beds  during  the 
fall  and  spring,  and  the  destruction  of  the  young  ^vith  ditches,  tar- 
pans,  nets,  and  other  contrivances.  To  this  must  be  added  that  in 
some  cases  where  the  young  were  fully  as  numerous  as  in  other 
years  they  were  far  more  harmless,  and  also  that  eggs  deposited  in 
Septemljer  and  October,  1876,  were  hatched  so  late  that  the  crops 
were  mostly  beyond  the  reach  of  the  young. 

HATCHIKG. 

The  Cixses  of  reported  hatching  in  February  were,  so  far  as  ascer* 
tained,  entirely  the  appearance  of  native  species.  All  of  those  sent 
me  were  of  a  size  that  generally  precluded  the  possibiltty  of  their 
having  hatched  in  February.  Three  of  our  common  native  species 
were  received,  of  which  two  became  winged  in  the  first  week  of 
March,  but  neither  of  the  same  species  was  observed  in  the  fields 
until  the  25th  of  May.     The  young  (perhaps  of  Spretus)  were  seen 
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in  our  southern  counties  by  the  10th  of  April,  and  by  the  20th  of 
the  month  had  appeared  in  considerable  numbers  along  the  river 
bluflfe  between  St.  reter  and  New  Ulm.  Part  of  these,  and  perhaps 
all,  were  destroyed  by  a  stoim  which  came  about  a  week  later, 
but  they  were  only  a  trifling  portion  of  all  that  were  to  appear. 
Innumerable  newspaper  items,  letters,  and  replies 'to  circulars  show 
that  it  was  not  until  the  first  ten  days  of  May  that  the-eggs  hatched 
in  greatest  numbers,  with  slight  difference  betwefen  the  dates  of 
appearance  in  the  northern  and  southern  counties. 

LATE  HATCHING. 

It  was  noticed  everywhere  that  the  hatcliing  of  1877  was  more 
prolonged  than  usual.  This  was  in  part  due  to  the  dampness  of 
the  spring,  but  more  to  the  fact  that  e^gs  had  continued  to  be  de- 
posited much  later  than  usual  in  the  fall  of  1876.  A  case  reported 
in  1875,  when  a  single  swarm  alighted  (at  Waterford,  Dakota  Co.,) 
on  the  18th  of  October  and  deposited  eggs  which  did  not  hatch 
until  the  20th  of  the  following  June,  gives  an  opportunity  of  ob- 
serving how  much  the  late  deposits  are  behind  the  early  ones  in 
the  time  required  for  hatching.  Ej^^gs  left  late  in  the  season  in  this 
way  wintered  over  in  a  fluid  C(mdition,  which  often  created  an  im- 
pression that  they  were  rotten,  but  I  had  no  difficulty  in  hatching 
such  with  a  three  weeks'  warm  exposure.  These  finally  hatched  in 
the  fields,  but  in  most  cases  too  late  to  do  much  injury.  Their  final 
exodus  from  the  hatching:  grounds  was  also  two  to  three  weeks  later  • 
than  elsewhere,  and  on  the  8th  of  July,  when  the  locusts  had  all 
acquired  wings,  and  had  entii-ely  left  the  neighborhood  of  Glencoe, 
I  found,  a  few  miles  farther  west  in  Renville  county,  the  young  in 
about  the  same  stage  of  advancement  that  I  had  seen  around  Mankato 
on  the  21st  of  June,  from  one-thinl  to  two-thirds  still  in  the  pupa- 
stage.  But  in  general,  where  injury  was  severe,  it  was  ouly  in 
places  where  the  young  had  been  numerous  as  early  as  the  last  week 
of  May,  and  it  is  only  in  an  excessively  dry  year,  with  a  slender 
growth  of  grain,  that  the  crops  are  likely  to  ])e  ))adly  injured  by  the 
young  that  hatch  after  the  first  of  June. 

FAILURE  IN   HATCHING. 

p 

Throughout  a  large  number  of  counties,  and  perhaps  throughout 
the  whole  egg-area,  a  certain  percentage  of  the  eggs  failed 
to  hatch.  In  limited  areas  the  failure  was  so  great  as  to  amount 
to  almost  complete  exemption  from  injurj%  It  is  difficult  to 
calculate  what  percentjige  of  the  eggs  thus  failed,  but  there  is 
no  doubt  that  it  was  often  a  large  one.  It  is  the  opinion  of  those 
in  Nobles  county  who  have  interested  themselves  in  observing 
such  matters,  that  eggs  have  never  l|een  laid  so  thickly  in  that 
county  as  in  1876,  but  hardly  a  wheat  field  was  destroyed  by  the 
young  in  1877.  While  this  is  in  writing  I  have  received  brief 
reports  from  nearly  every  locust  county  in  Iowa.  There  as  in 
Minnesota,  the  hatching  was  in  many  cases  far  less  numerous  than 
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the  extent  of  the  egg-deposit  had  led  people  to  apprehend,  and  in 
others  the  injury  resulting  from  the  great  number  which  did  hatch 
was  much  less  than  usual.  The  result  is  condensed  by  Prof.  C.  E. 
Bessey,  of  Ames,  as  follows  :  ''In  the  fall  of  1876  they  (the  locusts) 
laid  many  eggs  in  Central  Iowa.  In  the  spring  of  1877  they  hatched, 
but  for  some  reason,  not  known  to  me,  (nor  any  one  else  hereabouts,) 
thev  did  not  mnount  to  much." 

l^he  causes  of  failure  in  hatching  are  generally  stated  to  be  '*  un- 
known." They  are  no  doubt  i^he  unusual  temperature  and  rain- 
fall of  the  spring  and  the  action  of  the  Silky  Mite  and  various 
grubs.  It  is  precisely  in  those  counties  of  Minnesota  and  Iowa 
where  the  locust  evil  ha^  been  most  permanent  for  the  last  five  years 
that  the  eggs  have  been  apparently  destroyed,  while  the  territory  of 
densest  hatching  and  most  sweeping  destruction  in  Minnesota  lies 
almost  entirely  outside  of  what  has  been  the  region  of  greatest  and 
most  continuous  damage  for  the  last  five  years.  As  the  persistent 
cultivation  of  any  growth  is  followed  by  a  corresponding  increase  of 
its  insect-enemies,  so  the  increase  of  these  insects  is  followed  by 
multiplication  of  the  parasites  and  enemies  which  prey  upon  them. 
The  destroyei*s  of  the  locust  eggs,  not  endowed  with  the  same  effi- 
cient powei-s  of  locomotion  as  the  locust  itself,  are  confined  to  a 
smaller  range  and  continue  to  multiply  within  it,  and  where  the 
locust  depo?<its  egsfs  for  a  series  of  years  within  the  same  range,  its 
enemies  will  in  time  multiply,  rarely  perhaps  in  sufiicient  numbers 
to  overpower  the  locust,  but  sufiiciently,  when  aided  by  other  favor- 
able conditions,  to  produce  a  marked  diminution  ot  the  species ; 
while  to  preserve  the  balance  still  further  the  locust  cames  its  own 
enemies  wuth  itself  to  other  laying-grounds  not  only  in  the  germ  of 
the  slowly  moving  locust  mite  but  of  the  swift  Tachina  Fly. 

AREA  OF  GREATEST  INJURY. 

The  greatest  injury  inflicted  by  the  young  during  the  spring,  and 
in  fact  the  area  of  all  injury  in  the  State  worth  reporting,  was  con- 
fined to  a  strip  of  country  extending  southeastward  from  about  the 
centre  of  Otter  Tail  county  to  Lake  Crystal,  and  lying  along  the 
edge  of  the  timbered  regions.  On  the  east  it  was  partly  bounded 
by  the  timber,  extending  some  little  distance  eastward  into  it  iu  its 
northern  part,  (into  Todd  and  Stearns  counties),  the  hatching 
growing  less  as  it  progressed  eastward,  and  finally  failing  almost  • 
entirely,  except  in  open  spots  along  the  Mississippi.  On  the  west 
the  boundary  was  irregular.  It  was  limited  mostly  by  the  line  of  what 
had  been  the  most  frequent  cultivation  in  1876,  confined  to  river 
valleys  and  the  points  of  thickest  settlement,  while  as  the  farms  be- 
came more  scattered,  (to  the  westward)  the  hatching  thinned  out, 
and  finally  ended  almost  entirely  where  stretches  of  unbroken 
prairie  began.  In  general  the  swarms  seemed  to  have  progressed 
eastward  (in  Minnesota)  in  1876  without  halting  to  lay  except  in 
the  vicinity  of  cultivation,  and  to  have  been  checked  in  their  pro- 
gress by  the  timber  and  to  have  massed  their  forces  along  its  edge. 
At  any  rate  this  region  was  a  laying  ground  through  the  whole  of 
the  preceding  season  from  the  middle  of  July,  through  August  and 
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sometimes  into  September.  It  is  difficult  to  convey,  to  one  who 
has  not  seen  such  sights,  an  idea  of  the  immense  numbers  of  the 
young  that  appeared  in  some  parts  of  this  infested  region  in  the 
last  week  of  May.  The  wheat  fields  covered  with  the  young,  and 
sometimes  trimmed,  bare  of  every  green  blade,  the  low  bushes  by  the 
roadside  stripped  of  their  leaves,  the  young  locusts  dancing  into  the 
air,  and  flickering  like  heat  in  the  sunlignt  before  the  horses'  feet 
in  a  ride  of  miles  across  the  prairies,  the  road-beds  blackened  with 
the  young  basking  on  tlie  warm  sand,  all  these,  which  had  then  hard- 
ly begun  their  devastating  marches,  prophesied  the  injury  which  was 
destined  to  ensue.  Tliose  were  extreme  cases,  but  elsewhere,  where 
the  numbers  were  less,  the  bands  which  came  marching  over  the 
fields,  one  after  another,  finally  sufficed  to  make  way  with  nearly 
every  crop  within  their  reach.  Later  on,  the  wheat  which 
had  been  left  by  the  young  in  May  was  trimmed  of  its 
green  leaves,  and  the  stalks  were  left  like  spindles,  blacken- 
ing in  the  sun,  while  the  locusts  having  destroyed  about 
every  crop  (except  oats)  which  happened  to  lie  in  their  path, 
trimmed  out  the  tender  portions  of  the  prairie  grass  and  made  it 
almost  unserviceable  for  grazing.  The  oats,  the  foliage  of  which 
was  hardly  touched,  were  attacked  while  heading  out.  and  the  slen- 
der stems  of  the  berry  cut  off,  but  generally  something  ot  an  oat 
crop  was  harvested  when  there  was  hardly  anything  else  left  to 
gather. 

A  general,  but  hardly  an  organized  warfare  was  waged  against 
the  young  almost  from  the  outset,  every  man  defending  his  own 
field-s  as  b^st  he  could.  In  the  nineteen  counties  which  the  Hon. 
CouLmissioner  of  Statistics  reports  as  more  or  less  injured,  the  acre- 
age of  wheat  was  less  by  113,700  acres  than  in  the  preceding  year, 
but  was  still  considerable,  amounting  to  337,000  acres.  Of  these 
counties  eight  showed  an  increase  of  wheat-acrejige  over  1876, 
while,  of  the  remaining  eleven,  four  counties  sowed  from  three  to 
six-sevenths  less  than  in  the  preceding  year.  There  were  instances 
of  men  who,  warned  by  former  experience,  sowed  nothing  what- 
ever, as  well  as  of  men  who  sowed  as  largely  as  though  no  enemy 
were  at  hand  ;  but  far  the  larger  majority  were  the  cases  of  those 
whose  only  hope  of  a  decent  subsistence  depended  on  such  a  crop 
as  they  might  bring  through  to  harvest.  The  energy  with  which 
most  of  these  began  the  battle  as  soon  as  the  young  made  their 
appearance,  was  worthy  of  all  success.  The  usual  methods 
of  burning  the  young  were  resorted  to  at  once,  and  in 
some  cases  ditches  were  run  a])out  the  fields.  Towards  the 
end  of  May  the  coal-tar  pan,  which  had  been  used  in  vari- 
oivs  forms  in  Kansas,  Colorado,  and  elsewhere,  came  at  last 
(after  having  been  fully  described  during  the  preceding  year,*) 

*There  was  no  reason  whv  the  use  of  coal  tar,  kerosene,  &c..  In  pans  or  otherwise 
should  have  seenieil  a  novel  or  i)rovldential  Invention  to  the  people  of  Minnesota.  The 
use  of  tar  spread  iipon  hulldlni;  paper  was  fully  described  In  the  Report  of  the  (Jeolog- 
ical  and  Natural  History  Survey  of  Minnesota  for  187G  :  a  full  description  of  the  kero- 
sene pan  Viis  sent  broadcast  in  one  of  the  "patent  Insides"  of  our  ^'ountr^'  papers  for 
the  same  year ;  a  letter  from  Greeley,  Colorado,  dated  Aujxust  5th,  1876,  to  the  Fanners 
Union  of  Minneapolis, describes  the  use  of  coal-tar  si)reatt  upon  canvas,  to  be  dragged 
over  the  grain  ;  while  In  tin*  proceedings  of  the  Grasshopper  Convention  at  Omana, 
(page  51)  the  same  instrument  was  descrloed  again.  In  spite  of  all  ihis  the  us«*  of  coal- 
tar  seemed  absoluielv  unknown  to  the  people  of  Minnesota  until  It  was  make  known  to 
them  by  the  letters  of  the  Hon.  A.  B.  Bobbins,  of  Wllmar,  to  the  St.  Paul  Pioneer  Press 
In  May,  1877. 
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to  the  attention  of  the  people  of  Mmnesota,  and  was  seized  eagerly 
as  an  instrument  that  promised  to  be  effective.  For  the  next  tnree 
or  four  weeks,  wherever  tar  and  sheet-iron  could  be  obtained,  men, 
women  and  children  dragged  the  tarpan  industriously  over  the 
grain  fields,  until  the  instniment  became  either  jaseless  or  unneces- 
sary. By  the  middle  of  June  the  locusts  had  grown  so  large  that 
other  means  of  catching  had  to  be  devised,  while  in  the  majority  of 
cases  the  crops  were  either  so  badlv  injured  as  to  be  not  worth 
fighting  for,  or  were  so  far  beyond  the  reach  of  the  locusts  that  re- 
mained that  further  fighting  was  unnecessarj\  It  is  diflBcult  to 
estimate  the  exact  amount  of  success  to  be  attributed  to  the  different 
methods  ot  destruction  as  they  were  applied,  or  indeed  to  any 
method  that  has  been  applied  so  far.  In  a  warfare  of  this  kind  the 
farmer  must  take  his  clicinces,  and  what  proves  successful  in  one 
place,  or  in  one  year,  may  be  totally  futile  at  another  time  or  place. 
In  8pite  of  all  that  has  been  said  and  written  for  the  la«»t  thnk  years 
it  is  necessary  to  say  here  once  more  what  most  of  our  farmers  are 
at  last  convinced  of,  that  in  strong  emergencies  there  is  no  depen- 
dence to  be  placed  upon  anything  but  a  well  dug  and  carefully 
tended  ditch  about  the  fields.  If  properly  constructed  it  will  prove, 
in  nine  cases  onn  often,  an  absolute  barrier  until  the  locusts  acquire 
wings,  when  tl.e  element  of  chance  comes  in  again.  Dr.  J.  C. 
Currier,  of  Mankato,  managed  vri th  a  ditch  to  save  eutirel}'  unharmed 
the  eroj)  of  160  :»ires,  in  the  midst  of  locusts  hatching  out  in  unusual 
numbers,  and  the  method,  the  cost,  and  the  result  of  the  ex|)eriment 
will  be  found  in  full  in  the  report  of  the  National  Entomological 
Commission  ;  upon  the  Harden  farm  near  Windom  it  is  reported 
that  a  heavy  crop  was  saved  by  a  diligent  use  of  tar-pjms;  Mr.  Robert 
Lowe,  of  L}Tin  township,  McLeod  county,  in  a  neighborhood  where 
the  locusts  hat  ched  in  great  numbers,  managed  to  save  part  of  a 
cro})  by  using  the  tar-pan  early  in  the  season,  and  later  on  an  oi>en- 
mouthed  trough,  dragged  over  the  grain  after  nightfall.  Under  the 
date  ot  Nov.  21st,  1877,  he  writes  : 

"The  1h^1(1  of  wheat  opposite  my  house  yielded  me  20  bushels  to  the  acre,— 
the  part  ol*  it  which  .1  saved,  which  was  about  10  aaes.  The  two  neighbors  of 
mine  nortli  of  me  did  not  figlit  the  hoppers  at  all,  and  that  pai-t  of  the  field  next 
to  them  was  eaten  close.  1  kept  workmj?  at  them  eveiy  night,  but  they  ^ot  a 
pait  of  it  befoi-e  t\w\  left. 

On  a  three-acre  ^  ,'ld  south  of  my  house,  the  hoppers  ate  about  one  acre  of  it; 
they  cam*'  from  jii. other  neighbor  that  did  not  fight  them.  The  two  acres  left 
yieKled  me  25  bushels  to  the  acre. 

The  two  neighbors  noi;th  of  me,  above  refen*ed  to.  had  about  25  acres  of  wheat 
each;  one  of  them  haiTested  4  bushels  to  the  acre,  the  other  8}^  bushels. 

I  hail  20  acres  of  new  land  and  5  acres  of  old  land  in  wheat  in  another  place. 
None  of  the  neighlx)rs  around  fought  them  and  I  did  not  get  a  kernel  off  that. 
The  hoppei*s  were  more  than  I  could  handle  thei*e  and  on  that  I  difl  save,  fo  I 
confine<l  my  operations  to  that  1  saved.  One  neighbor  near  me  who  did  fight  the 
hoppei*s,  saved  65  bushels  from  about  7  acres.'' 

On  the  other  hand  there  were  fields  that  were  swept  clean  of 
grain  at  the  very  outset.  The  only  thing  that  could  have  saved 
such  would  have  been  a  ditch  constructed  before  the  locusts  began 
their  march.  To  say  that  such  a  ditch  would  have  proved  insur- 
mountable in  every  cn^e  would  be  to  assume  too  much,  but  there  is 
no  question  that  it  would  have  succeeded  in  a  large  number  of  cases 
where  every  other  defence  failed. 
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All  this  refers  to  protection  agjiinst  insects  hatched  outside  of  tne 
grain  fields.  There  are  also  large  extents  of  wheat  sown  upon 
newly  broken  prairie  ("  new-brej^ing/^  where  the  egffs  had  been 
deposited  in  great  abundance  in  1876.  Wherever  the  deposits  had 
been  left  undisturbed,  the  growing  wheat  was  destroyed  at  the  outset. 
Even  where  the  surlace  had  been  harrowed  or  broken  with  the 
seeder  in  the  fall  of  1876,  the  eggs  left  undestroyed  were  still 
numerous  enough  to  consume  the  wheat  as  fast  as  it  grew.  Only 
plowing  the  eggs  under  deeply,  or  vigorous  harrowing  of  the  surface 
m  the  fall  or  spring,  with  the  use  of  a  tar-pan  pan  to  catch  such  as 
hatched  upon  the  held,  together  with  a  ditch  to  prevent  incursions 
from  without,  might  have  sufficed  to  save  such  fields  as  these. 

INJURY  TO  THE  CEOPS. 

Nineteen  counties  are  stated  by  the  Honorable  Commissioner  of 
Statistics  to  have  been  more  or  less  injured  in  1877.  These  are  as 
follows  :  Kandiyohi,  Chippewa,  Wright,  Steams,  Nicollet,  Pope, 
Douglas,  Swift,  Otter  Tail,  Stevens,  Grant,  Todd,  Renville,  Sibley. 
McLeod,  Meeker,  Yellow  Medicine,  Bbowu,  Redwood.  He  adds  : 
"The  most  careful  estimates  of  the  bushels  harvested  by  the  coun- 
ties gives  the  following  results  : 

Kandiyohi  and  Chippewa,  total  loss ;  Wright  county,  slightly 
injured  ;  eight  counties  are  believed  to  have  saved  half  a  crop  ;  one, 
a  third  ;  one,  a  tenth  ;  two,  two-thirds  ;  three,  three-quarjkers-;  and 
one,  four-fifths. 

This  was  the  Commissioner's  estimate  in  October,  and  it  is  not 

f)robable  that  exact  statistics  will  add  anything  to  the  estimated 
OSS.  Of  the  above  counties  three  were  probably  more  injured  by 
the  flyinff  swarms  than  bv  the  young.  In  addition  to  the  counties 
nam^  above,  thirteen  others  were  by  the  end  of  May  in  a  state  of 
more  or  less  apprehension,  and  tar-pans  were  put  to  vigorous  use. 
A  hot,  dry  June  like  that  of  1876  would  have  resulted  not  only  in 
greater  damage  in  the  injured  counties  but  would  have  added  many 
other  counties  to  the  injured  area. 

The  comparative  temperature  and  rainfall  for  the  last  four  years 
may  be  seen  from  the  following  table,  derived  from  the  reports  of 
the  Signal  Service  at  St.  Paul. 


Average  Temperature. 

Total  Rain  Fall  in 
inches. 

Number  of  days  when 
rain  fell. 

May. 

June. 

May. 

June. 

May. 

June. 

1874 

62.24 

68.7 

1.65 

11.67 

7 

16 

1875 

58.81 

6:3.6 

3.06 

4.33 

12 

17 

1876 

59.2 

66.3 

3.15 

2.02 

12 

14 

1877 

62 

63.7 

5.43 

7.13 

12 

13 
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The  total  rain-fall  in  May  was  considerably  greater  than  in  any  of 
the  three  preceding  years,  while  that  of  June  was  greater  than  for 
any  year  since  18 ll.  The  average  temperatures  for  May  and  June 
do  not  differ  greatly  from  other  years,  but  a  detailed  table  would 
show  the  result  of  weather  much  better  than  a  table  of  averages. 
It  would  show  a  wdl  distributed  rain-fall,  accompanied  by  cold 
days,  with  noi-theast  winds.  This  was  the  character  of  nearly  all 
the  former  half  of  June.  The  result  of  this  in  May  was  a  more 
than  usually  prohm^ed  hatching,  as  the  rain  coming  just  when  the 
egg-pods  were  burstmg  arrested  the  hatching  for  a  time,  and  no 
doubt  prevented  it  altogether  in  soils  that  retained  moisture.  Eggs 
thus  arrested  were  found  in  the  latter  part  of  May  in  a  decayed  con- 
dition, and  a  prey  to  the  Anthomyia  maggot.  The  last  two  weeks 
of  May  however  were  warm  and  dry,  and  this  gave  the  young  in- 
sects a  full  opportunity  for  destroy mg  the  grain  where  they  were 
numerous.  But  the  change  of  temperature  early  in  June  again  ar- 
rested their  progress  wherever  the  grain  had  not  already  been  badly 
cut  oflF.  The  large  number  of  damp,  cold,  and  cloudy  days  deterr©! 
the  locusts  from  eating,  and  gave  the  grain  an  opportunity  to  re- 
cover itself,  while  the  temperature  was  exactly  such  as  to  produce 
the  strongest  and  rankest  growth  of  wheat  foliage.  As  this  sprang 
up  apace  and  covered  the  ground,  the  locusts,  loving  warmth  and 
sunlight  could  not  spread  through  and  over  the  fields  as  m  a  year 
of  slender  and  sparse  growth,  while  the  abundance  to  be  eaten  nec- 
essarily left  more  which  escaped  untouched.  In  many  cases  the 
wheat  in  this  way  attained  a  growth  which  afterwards  remained  be- 
yond the  reach  of  the  locust.  In  others  the  insects  were  abundant 
enough  to  trim  oflF  the  foliage,  and  in  the  first  week  of  July  thous- 
ands of  acres  of  wheat  stood  in  the  fields  like  bare  spindles,  the 
head  still  enclosed  in  the  terminal  leaves.  Possibly  a  continuance 
of  favorable  weather  through  July  would  have  produced  something 
from  even  such  fields  as  tnis,  but,  in  the  hot,  dry  weather  which 
followed,  the  heads  never  filled. 

But  it  is  to  favorable  temperature  more  than  all  else  that  we  are  to 
assign  not  only  the  abundant  harvest  in  the  uninjured  counties  but 
such  crops  as  were  saved  in  the  remainder.  Those  who  believe  that 
the  efficacy  of  our  prayers  majr  be  tested  by  the  material  results 
which  follow  them,  can  safely  find  a  beneficent  answer  to  the  fast- 
ing and  supplication  of  April,  not  in  a  brief  snow  storm  that  pea^ 
haps  destroyed  an  insignificant  number  of  locusts  which  would  ia 
all  probability  have  proved  harmless,  but  in  a  whole  season  of  fav- 
oring winds  and  nourishing  rains. 

The  effects  of  climate  were  seen  too  upon  the  young  insects  as 
well  as  upon  the  grain.  It  is  to  this  doubtless  that  we  are  to  assign 
the  cause  of  the  often  reported  disappearance  of  the  young  in  me 
spring  without  committing  injury,  and  of  the  harmlessness,  **from 
causes  unknown,"  of  sucn  as  remained  up  to  the  time  of  flying; 
reports  which  come  from  Iowa  oftener  than  from  Minnesota.  It  is 
to  the  same  cause  no  doubt  that  we  are  to  attribute  the  number  of 
locusts  found  dead  in  the  fields  during  the  spring;  numbers  which 
were  very  inconsiderable  when  compared  with  those  which  re- 
mained alive,  but  sufficient  to  show  that  unusual  agencies  were  at 
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work.  To  those  who  from  limited  observation  believe  that  the 
species  is  proof  against  moisture,  it  may  be  asserted  that  a  spring 
of  a  different  character  from  the  four  preceding  has  been  followed 
by  an  unusual  series  of  locust  events,  viz. :  compai*ative  harmlesness 
of  the  hatching  brood,  a  partial  defeneration,  and  finally  a  total 
migration  as  if  from  an  unnatural  neighborhood  ;  while  still  others 
are  to  be  reminded  that  the  State  is  no  more  a  permanent  breeding 
ground  of  the  species,  and  no  more  likely  to  be,  than  it  was  some 
years  ago. 

MOVEMENTS  OF  THE  WINGED. 

Here  and  there  a  fully  winged  individual  of  Spretus  may  be  found 
in  our  fields  early  in  June.  I  noticed  such  on  the  8th  of  June, 
1876,  and  on  the  14th  dav  of  June,  1877,  while  others  were  reported 
as  early  as  the  26th  of  May.  From  the  middle  of  June  the  num- 
ber of  the  winged  increases  rapidly,  and  these  often  rise  in  the  air 
singly,  and  float  lazily  along  on  the  breeze.  On  the  19th  of  June 
I  observed  such  at  Mankato,  as  thick  in  the  air  as  stars  upon  a  mod- 
erately starry  night,  while  upon  the  ground  below  a  still  greater 
number  had  developed  wings,  and  on  being  disturbed  would  start 
up  for  a  low  flight  of  a  rod  or  two.  Here  and  there  one  would  rise 
from  the  earth,  and  could  be  seen  rising  very  gradually  in  the  air 
for  a  long  distance,  until  it  finally  became  lost  to  sight.  Neither 
on  the  ground  nor  in  the  air  was  there  any  appearance  of  swarm- 
ing. The  numbers  in  the  air  increased  rapidly  from  day  to  day 
mitil  the  last  week  in  June,  when,  as  if  they  nad  begun  to  mass 
their  forces,  dense  swarms  could  be  seen  moving  slowly,  high  in  the 
air,  over  the  central  portion  of  the  State.    These,  though  appearing 

to  move  southeast  on  the  26th,  27th,  and  28th  of  June,  were  not 
seen  east  of  what  had  been  the  hatching  area.  From  the  latter 
date  until  nearly  the  middle  of  August  the  State  was  repeatedly 
crossed  and  recrossed  by  immense  bodies  of  locusts,  alightingieavilv 
and  destructively  in  the  first  week  of  July,  but  only  appearing  high 
in  the  air,  and  purely  as  migrating  swarms  later  on.  These  move- 
ments consisted  generally  of  bodies,  (rather  than  of  one  immense 
swarm,)  seen  here  and  there  over  a  large  area,  all  pursuing  one  gen- 
eral direction,  and  following  each  other  for  a  few  days  until  the 
supply  seemed  exhausted,*  when,  after  a  change  of  wind,  what  were 
apparently  parts  of  the  same  army,  returned  over  their  former  track 
only  to  be  carried  back  again  with  others  when  the  wind  changed 
back  again.  As  the  season  advanced,  the  swarms  making  up  these 
armies  became  more  scattered,  and  followed  each  other  at  wid^r 
intervals,  or  were  soon  separated  at  long  distances  from  each  other. 

MIGRATIONS. 

These  movements  may  be  briefly  summed  up  as  follows : 

Julv  3d-7th — A  movement  to  the  northwest  by  daily  journeys, 

with  neavv  alighting  each  evening  from  Willmar  westward  to  the 

Sisseton  Reservation  and  beyond. 
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July  8th-10th — A  change  of  wind,  with  a  return  at  once  to  the 
southeast.  This  movement  was  observed  at  sixty  points  between 
Bramble  county,  D.  T.,  and  Freeborn  county  on  the  south,  and  be- 
tween Otter  Tail  and  Sherburne  counties  on  the  north. 

July  11th  and  12th — A  change  of  wind  and  return  of  the  swarms 
to  the  northwest,  observed  at  various  places  between  Detroit  and 
Sioux  City  on  the  west  and  between  Sioux  City  and  Fort  Randall, 
D.  T. 

July  20th  and  21st — An  immense  movement  to  the  southeast 
again,  observed  at  78  points  in  Minnesota  and  Dakota.  Swarms 
were  seen  on  the  western  line  of  observation,  at  various  points  be- 
tween Walhalla  and  Rockport,  D.  T.,  375  miles  from  north  to 
south,  and  between  Rockport  and  Albert  Lea,  on  the  southern  line, 
225  miles  from  east  to  west. 

July  28 — Another  movement  to  the  southeast,  seen  over  various 
northern  and  southern  counties,  but  not  reported  over  a  large 
number  of  intermediate  points. 

August  1st  and  2d — Another  extensive  movement  to  the  south- 
east. This  was  seen  at  various  points  between  Glyndon  and  Lu- 
verne  on  the  west,  and  at  St.  Cloud,  Anoka,  Northfield  and  LeRoy 
on  the  -east. 

Aug.  6th-9th — Heavy  flights,  (but  decreasing  in  numbers  daily) 
to  the  southeast  again  ;  seen  mostly  on  a  line  between  Benson  ana 
Mankato  and  Worthington. 

Sept.  2d — ''Large  numbers''  flying  southeast  over  Waseca. 

Sept.  18th — "Millions  seen  flying  in  a  southeasterly  direction''  at 
Long  Prairie. 

There  is  reason  to  believe  that,  as  has  been  known  elsewhere, 
many  of  these  swarms  continued  their  flights  through  the  night. 
Thev  were  observed  on  several  occasions  flymg  till  neai'ly  sundown,- 
while  it  was  impossible  to  learn  of  their  alighting  anywhere  at  or 
during  the  night ;  they  were  seen  moving  earlv  in  the  morning  as 
soon  *s  the  sun  was  high  enough  to  make  their  numbers  visible, 
while  there  was  no  known  starting  place  from  which  such  swarms 
could  have  proceded  so  early  in  the  morning  ;  and  in  one  known 
case,  (and  probably  in  many  others,)  they  abandoned  in  the  night  a 
spot  where  they  had  been  abundant  during  the  day. 

It  will  be  noticed  that  after  the  20th  of  July  all  extensive  move- 
ments were  to  the  southward.  On  thj  dates  intermediate  between 
those  given,  there  was  a  change  of  wind  to  southward,  and  this  car- 
ried back  sometimes  consider^le,  but  always  scattered  bodies  to  the 
northwest,  while  as  the  season  advanced  the  number  thus  carried 
back  became  fewer.  Those  which  were  carried  to  the  northwest 
probably  helped  to  make  up  the  bodies  which  moved  southeast 
again  as  soon  as  the  wind  changed  to  northerly,  and  what  may  have 
been  something  like  a  compact  army  early  in  July  were  spread  over 
a  large  territory  later  on.  The  change  of  wind  between  the  7th 
and  8th,  and  again  between  the  10th  and  11th  of  July  were  followed 
at  once  by  the  return  of  swarms  over  the  track  where  they  had 
passed  the  day  l)efore  ;  on  the  other  hand  it  required  a  change  of 
wind  from  the  12th  to  the  20th  and  again  from  tlie  20th  to  the2Sth 
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of  July  to  collect  and  brina;  back  the  swarms  which  passed  over  on 
the  latter  dates.  During  the  later  movements  too,  straggling  bands 
were  seen  at  a  considerable  distance  to  the  east  of  the  main  bodies, 
as  at  St.  Paul  on  the  20th  of  July,  on  the  1st  and  2d  of  August  at 
Anoka,  St.  Paul,  Northfield  and  Leroy,  on  the  6th  of  August  at 
Hastings,  Dundas,  and  Brownsdale  ;  and  during  August  and  Sep- 
tember over  El  Paso,  Wisconsin,  and  over  Osage,  Grundy  Centre, 
Toledo,  and  Montezuma,  and  perhaps  over  Waverly,  Waterloo, 
Oskdoosa,  and  Vinton,  Iowa,  all  of  which  points  lie  considerably 
to  the  east  of  the  usual  locust  area. 

All  the  movements  after  the  10th  of  July  were  purely  migrations. 
Here  and  there  individuals  dropped  down  from  the  passing  swarms 
until  a  to>vnship  or  two  was  pretty  well  covered,  but  as  a  rule  the 
insects  passed  over  without  alighting.  To  determine  the  migratonr 
capabilities  jmd  habits  of  the  locust  would  be  interesting  and  useful. 
During  the  summer  I  collected  nearly  a  thousand  reports,  diaries, 
&c.,  to  learn  the  extent  of  the  flights  over  Minnesota.  The  impos- 
sibility  of  obtaining  similar  reports  from  Central  Dakota,  and  the 
absence  of  such  from  Iowa,  render  it  difficult  to  trace  movements 
bevond  the  State  line.  The  turning  point  of  flights  between  the 
7th  and  8th  of  July  was  evidently  in  the  neighborhood  of  the 
Sisseton  Reservation  ;  between  the  10th  and  11th,  either  in  or  over 
Iowa  ;  about  the  22d  of  the  month  the  swarms  collected  in  Dakota 
along  the  route  between  Bismarck  and  the  Black  Hills  and  these 
were  perhaps  brought  southeast  again  on  the  28th  of  July. 

It  seems  probable  that  most  of  the  swarms  seen  passed  to  the 
southward  of  Minnesota  and  remained  there.  It  is  certain  that  the 
bodies  composing  the  diflferent  migrating  armies  became  widely 
separated  from  each  other  during  the  season,  and  it  is  hiffhly  prob- 
able that  the  individuals  composing  these  bodies  were  distributed 
over  a  large  extent  of  territory  and  often  so  sparsely  as  to  remain 
almost  unnoticed.  By  the  first  of  September  the  species  was  found 
at  Sioux  City  and  Fort  Dodge,  Iowa,  in  small  numbers,  but  more . 
numerous  than  the  native  species  ;  still  more  numerous  at  Ackley, 
where  they  were  preparing  to  lay;  again  in  very  small  numbers  at 
two  or  three  stopping  places  along  the  road  between  Ackley  and 
Lyle,  at  Lyle  and  at  Austin  ;  and  a  few  daj^s  later  at  Lake  Phalen, 
five  miles  northeast  of  St.  Paul.  It  is  very  likely  that  a  careful  search 
in  1^8  by  those  acquainted  with  the  species  will  disclose  the  presence 
of  the  young  in  very  small  numbers  at  various  placets  in  Eastern 
Minnesota,  in  Wisconsin  east  of  Hastings,  and  in  Eastern  Iowa. 

The  locust  evil  being  ended  for  the  present,  all  further  considera- 
tion of  the  matter  produces  in  the  mind  of  the  farmer  only  that 
disffust  which  is  excited  by  an  unpleasant  subject.  But  the  time 
will  come  again  when  the  possibility  or  likelihood  of  locust  in- 
vasions, and  whether  they  can  be  anticipated  or  prevented  will  be 
S[uestions  of  immediate  interest.  But  to  a  community  looking 
brward  to  years  of  prosperous  wheat-raising,  and  knowing  that 
future  success  depends  in  some  measure  upon  exemption  from  vaii- 
ous  insect  plagues,  it  should  seem  foolish  to  conclude  the  inquiry 
with  that  amount  of  knowledge  which  has  so  far  been  obtained. 
The  National  Entomological  Commission  should  be  enabled  to 
10 
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pursue  its  investigations  beyond  the  field  where  circumstances  have 
so  far  confined  them,  into  the  region  where  the  nature  of  the  locust 
problem  is  still  largely  unknown,and  where  alone  the  possibilities  and 
probabilities  of  future  destructive  incursions  are  to  be  calculated. 

DISTRIBUTION. 

A  history  of  former  locust  invasions,  and  a  full  chronology  of 
locust  appearances  in  past  years,  whether  seen  in  small  or  in  great 
numbers,  in  destructive  onslaughts  upon  the  grain,  or  in  harmless 
migrations  to  other  neighborhoods,  become  valuable  to  assist  in  de- 
termining what  are  the  regions  of  perpetual,  frequent,  or  occasional 
presence.  It  has  been  common  to  call  ''locust  years"  only  those 
years  in  which  swarms  have  appeared  in  destructive  numbers,  and 
to  call  "locust  regions"  and  ''grasshopper  counties''  those^only  where 
cultivation  has  l^en  sufficient  to  invite  injury.  It  has'  often  been 
difficult  to  collect  such  facts  as  there  are,  and  the  desire  to  appear 
well  in  immigration  statistics  induces  men  to  withhold  occurrences 
that  would  seem  to  convert  their  particular  localities  into  "grass- 
hopper regions"  for  the  time  being,  but  which  were  after  all  only 
trifling  appearances  of  a  misfortune  that  was  felt  elsewhere  in  full 
force.  "Locust  regions"  are  not  created  by  simple  statements  irf 
facts,  nor  are  the  gardens  of  the  world  depopulated  by  occasional 
locust  invasions. 

But  a  locust  chronology  for  the  past  fifteen  years  contradicts  the 
notion  that  there  is  anything  like  periodicity  in  the  appearance  of 
the  species,  though  there  are  evidently  vears  or  periods  of  excessive 
multiplication  ;  it  also  disposes  of  such  vagaries  as  that  the  stock 
has  been  advancing  eastwaid  yearly,  occupying  a  certain  belt  of 
country  each  year  ;  or  that  they  "move  mostly  in  a  great  circle, 
touching  Missouri  on  the  east,  and  New  Mexico  on  the  south,  the 
Pacific  on  the  west,  and  far  into  the  British  Possessions  on  the 
north,"  the  time  required  for  swinging  around  this  circle  "being 
about  ten  years,  though  some  get  behind  bv  being  hatched  out  late  ! 
It  has  been  a  locust  year  somewhere  or  other  nearly  every  year  for 
the  last  fifteen  years,  and  swarms  have  repeatedly  swept  southward 
from  British  America  perhaps  to  Texas,  while  their  offspring  moved 
back  northward  over  the  same  track  in  the  following  spring.  It 
would  seem  that  east  of  what  may  be  the  permanent  breeding 
grounds  of  the  species,  there  is  a  region  where  swarms  appear  nearly 
every  year,  and  that  the  permanence  or  frequency  of  appearance 
diminishes  as  we  move  eastward.  To  say  that  this  region  of  fre- 
quent appearance  is  not  a  "grasshopper  country,"  is  to  say  for  the 
present  that  it  is  mostly  uncultivated  and  uninhabited,  though 
there  is  no  reason  to  believe  that  if  it  were  under  full  cultivation 
that  it  would  suffer  devastation  every  year. 

This  region  of  frequent  appearance  reaches  eastward  nearly  to 
Minnesota,  and  the  frequency  results  from  the  fact  that  the  region 
referred  to  lies  in  the  track  of  swarms  moving  northwestward 
towards  the  mountains  in  the  spring,  southeastward  from  the 
mountains  in  the  summer,  and  at  the  same  time  in  the  vicinity  of 
swarms  occasionally  hatched  upon  the  plains.    At  least  it  is  certain 
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that  the  locust  has  been  seen  either  along  or  east  of  the  western 
border  of  Minnesota  nearly  every  year  since  1863.  At  Walhalla,  a 
few  miles  west  of  Pembina,  they  are  said  to  have  come  one  year  and 
left  in  the  vear  following  ever  since  in  the  year  just  named  ;  in  the 
same  year  (1863,)  they  were  about  Moorhead,  around  the  Coteau  des 
Prairie,  Ft.  Abercrombie,  and  were  seen  flying  as  far  east  as  the 
Pomme  de  Terre  River ;  in  1864  the  young  hatched  near  Moorhead, 
and  possibly  in  other  places  in  the  western  part  of  the  State  north 
of  the  Minnesota  river  ;  while  in  July  winged  swarms  from  the  west 
made  their  wav  in  a  narrow  column  up  the  Mississippi  Valley  to 
Le  Sueur  and  ftenderson;  in  1865  the  young  of  these  were  trouble- 
some in  the  regions  iust  named  ;  in  1866,  a  year  of  serious  invasion 
in  States  to  the  southward,  there  were  but  slight  and  transient  ap- 
pearances ot  swarms  in  Minnesota,  about  Moornead,  and  in  Redwood 
and  Kandiyohi  counties  ;  in  1867,  a  year  in  which  Iowa  was  overrun 
almost  as  extensively  as  in  1876,  there  was  no  appearance  in  Minne- 
sota so  far  as  can  be  ascertained ;  in  1868  large  swarms  passed 
northward  over  Jackson  county  for  two  or  three  days,  probably 
those  which  had  hatched  in  Iowa  and  the  States  below;  in  1869  the 
insects  were  seen  about  Moorhead  again  ;  in  1870  about  Moorhead 
and  in  Brooking  Co.,  D.  T.;  in  1871  a  large  number  of  our  north- 
western counties  were  visited,  but  were  injured  only  here  and  there; 
in  1872  the  offspring  of  these  augmented  by  others  hatched  in 
Dakota  seemed  to  have  passed  southward  in  immense  armies  over 
Southeastern  Dakota  and  Nebraska  ;  the  events  since  1872  are  too 
well  known  to  need  repeating. 

There  is  nothing  alarming  in  these  statements  ;  it  is  known  well 
enough  in  how  few  of  all  these  years  the  insects  have  poured  into 
the  State  in  immense  swarms,  and  how  few  of  all  the  swarms  that 
have  appeared  have  remained  to  prove  destructive.  It  is  only  in  a 
year  of  excessive  and  repeated  visitation  that  the  small  numbers  re- 
maining behind  from  each  passing  cloud  finally  become  numerous 
enough  in  the  aggregate  to  make  their  presence  destructive  in  the 
year  following.  It  is  only  meant  to  show  that  Eastern  Dakota  lies 
in  or  near  a  region  where  the  locust  frequently  appears  ;  some- 
where within  yearly  reaching  distance  of  the  transient  or  perma- 
nent breeding  grounds  of  the  locusts.  On  the  other  hand  but  a 
few  miles  to  the  east  lies  a  region  where  the  locust  appears  but 
rarely,  while  still  a  short  distance  beyond  is  a  region  where  it  never 
appears. 

A  line  drawn  from  Crookston  to  Le  Sueur,  thence  southward 
across  Iowa  through  Port  Dodge  marks  nearly  the  general  eastern 
limit  of  serious  injury.  In  Minnesota  this  is  nearly  the  dividing 
line  between  the  prairie  and  the  timber,  which  in  Douglas  and  Otter 
Tail  counties  extends  some  thirty  miles  to  the  west  of  the  line 
though  not  densely  everywhere.  From  Le  Sueur  southward  the  line 
again  coincides  very  nearly  with  the  western  boundary  of  the  Big 
Woods,  until  the  latter,  thinning  out  give  place  to  the  prairie 
counties  of  Southern  Minnesota  and  Iowa,  wnere  as  the  physical 
barriers  of  the  forest  no  longer  exists,  the  line  must  represent  nearly 
the  natural  limits  of  the  encroachment  of  the  species.  That  there 
is  some  such  natural  eastern  limit,  coinciding  nearly  with  the  line 
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ffiven,  is  seen  from  the  fact  that  the  hatching  swarms,  on  raigrating, 
have  on  no  occasion  whatever  occupied  new  ground  to  the  eastward, 
or  pursued  any  line  of  flight  whicn  would  not  carry  them  some- 
where to  the  west  of  where  they  hatched.  Whenever  invasions  have 
been  carried,  to  the  east  of  the  usual  line,  it  has  been  in  all  cases  by 
swarms  appearing  from  the  northwest,  generally  late  in  the  season 
and  by  slow  advance. 

These  in  exceptional  cases  have  occasioned  injury  or  have  deposited 
eggs  in  the  openings  to  the  east  of  the  limits  named,  but  with 
senous  results  only  in  1856  in  the  Upper  Mississippi  Valley,  and  in 
Todd  and  Steams  counties  in  1876. 

To  determine  exactly  how  far  east  the  species  has  hatched  of  late 
years,  and  to  say  just  where  it  definitely  ended,  would  have  required 
careful  examination  by  thoge  acauainted  with  the  species.  It 
hatched  in  1877  in  observable  numbers  at  least  fully  up  to  the  line 

S'ven  upon  the  "  Map  of  Locust  Areas,'*  in  the  report  of  the  Geo- 
gical  and  Natural  History  Survey  for  1876.  The  hatching  of  the 
year  confirmed  the  general  correctness  of  this  line ;  still  more  correctly 
it  might  have  been  drawn  from  Detroit  to  Princeton,  thence  south- 
ward to  Austin,  whence  it  moved  southward  across  Iowa,  passing 
nearly  through  Hardin,  Story,  Dallas,  Madison,  Adams  and  Taylor 
counties.  But  throughout  all  the  eastern  portion  of  this  hatching 
area  the  young  appeared  in  squads  on  scattered  hatching  grounds, 
and  no  doubt  careful  search  might  have  found  still  others  east  of 
the  limits  given,  the  young  of  the  swarms  straggling  eastward  late 
in  the  fall,  and  finally  disappearing,  no  one  knew  where. 

It  would  be  interesting  to  learn  also  the  extreme  northeastern 
limit  of  the  appearance  of  the  species.  It  lies  somewhere  in  a  region 
of  woods  and  swamps  north  of  the  Northern  Pacific  and  east  of  the 
longitude  of  Brainerd.  This  almost  uninhabited  region,  though 
not  lying  in  the  usual  line  of  flights,  might  be  traverse  by  swarms 
in  almost  anjr  summer  and  the  fact  remam  unheard  of.  It  is  certain 
that  locusts  in  years  past  have  been  seen  in  swarms,  or  in  small 
numbers  on  the  ground,  at  Red  Lake,  Leech  Lake,  Gull  Lake, 
Brainerd,  Aitken  and  Duluth,  while  several  years  ago  locusts  injured 
the  vegetables  and  grass  upon  the  island  opposite  Ashland,  Wis- 
consin. All  these  points  lie  in  a  region  which  the  locust  is  supposed 
to  avoid.  But  even  if  it  is  possible  for  this  insect  to  choose  by 
instinct  a  certain  line  of  flight,  and  to  select  the  winds  which  will 
carry  it  in  that  general  direction,  it  is  carried  at  times  to  situations 
which  the  most  trifling  amount  of  instinct  would  cause  it  to  shun, 
and  has  been  found  in  immense  numbers  in  the  waters  of  Lake  of 
the  Woods,  Red  Lake,  and  in  fewer  numbers  in  Lake  Superior. 
The  northeastern  limit  of  flight  depends,  partly  at  least,  upon  the 
point  where  swarms  cross  our  border,  and  those  coming  in  well  to 
the  east  on  the  Manitoba  line  might,  as  in  1856,  be  carried  into  the 
Upper  Mississippi  Valley.  The  swarms  of  that  year  were  no 
straggling  bands,  blown  out  of  their  course  late  in  the  season,  but 
came  in  immense  numbers,  which  by  the  testimony  of  all  who  re- 
member the  event,  were  many  times  more  numerous  than  anj^  that 
have  appeared  in  later  years.  These  reached  Gull  Lake  and  the 
region  around  it  near  the  end  of  July,  and  not  only  destroyed  the 
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crops  at  Crow  Wing  and  thence  southward  in  the  Upper  Mississippi 
Valley  (which  has  never  since  been  injured  oetween  Crow  Wing 
and  Sauk  Rapids.)  but  penetrated  in  monstrous  numbers  into  the 
woods  about  Mille  Lacs  Lake  where  they  bent  down  the  pine 
branches  with  their  weight.  They  penetrated  in  considerable  num- 
bers as  far  as  Cambridge,  Isanti  Co.,  a  point  which  was  hardly 
reached  by  swarms  of  1874,  and  was  not  visited  in  1876.  All  those 
swarms  of  1856  must  have  crossed  the  northern  boundary  well  to 
the  east,  or  must  have  turned  their  flight  eastward  over  the  very 
regions  which  the  locust  is  supposed  to  avoid.  It  is  also  noticeable 
that  they  penetrated  southwara  only  to  about  the  neighborhood  of 
Shakopee. 

This  was  an  exceptional  instance  in  some  respects,  and  in  the 
locust  invasions  whicn  we  are  destined  to  sufler  in  the  future,  there 
will  probably  be  occasional  events  which  will  seem  to  contradict  all 
previous  experience,  and  to  make  it  impossible  to  lay  down  any- 
thing like  general  rules.  It  might  happen  that  swarms  in  a  long, 
warm,  and  dry  autumn  might  pass  a  few  miles  farther  east  than 
thejr  have  ever  appeared  before,  and  leave  eggs  which  in  a  foUowinfif 
spring  of  excessive  dryness,  and  with  a  thin  growth  of  grain,  would 
prove  destructive  to  a  large  proportion  of  everything  sown.  For 
all  that  the  species  has  a  certain  natural  range,  and  though  no  line 
can  be  definitely  drawn  bevond  which  it  can  be  predicted  that  the 
locust  will  never  appear,  the  regions  of  habitual,  frequent,  and  in- 
frequent appearance  will  be  ascertained,  while  there  still  remains 
the  strong  probability  ,that  with  increase  of  cultivated  acreage 
towards  the  mountain  regions  the  appearance  of  swarms  in  Minne- 
sota will  become  rarer  than  before.  It  may  even  become  possible 
to  predict  the  time  of  appearance  at  certain  points,  and  to  take  an 
example,  as  swarms  reacned  Sauk  Rapids  about  Aug.  20th,  1856, 
Aug.  17th,  1874,  and  Aug.  11th  and  18th.  1876  ;  as  they  reached 
Monticello  Aug.  13th  to  16th,  1856,  Aug.  17th,  1874,  and  Aug.  18th, 
1876,  it  is  not  probable  that  they  will  often  reach  the  Upper  Mis- 
sissippi before  the  middle  of  August,  or  will  often  prove  destructive 
to  any  great  distance  beyond  it,  either  in  a  summer  of  invasion  or 
in  the  spring  following. 

Finally,  it  there  is  in  future  any  fear  that  Minnesota  may  become 
a  permanent  breeding  ground  of  the  locust,  it  may  be  said  that  so 
far  as  is  known  there  is  no  permanent  breeding  ground  of  the 
species  in  any  strict  sense  of  that  term.  The  species  is  migratory, 
and  until  it  loses  this  habit  there  is  no  fear  that  the  swarm  which 
hatch  here  will  remain  to  breed  by  natural  increase.  They  may  re- 
move but  partially,  or  to  a  short  distance  only,  or  they  may  be  re- 
placed by  others  in  the  same  season,  but  in  any  case  the  instinct, 
the  impulse,  or  the  chance  wind  which  brings  them  upon  us  will 
eventually  remove  their  oifspring. 
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The  reference  on  the  2d  page  of  this  report  to  damage  inflicted 
by  the  Chinch  Bug  may  l^e  found  on  pp.  17  and  18  of  the  Report 
of  the  Commissioner  of  Statistics  for  1877,  as  follows : 

"The  crop  of  1876  was  menaced  by  three  destructive  agencies.  The  one  al- 
ready mentioned — ^heat  drouth  or  whatever  it  was  ;  the  dreadlul  locust»  whose 
flickg«n^  wings  filled  the  air  in  the  western  portions  of  the  state  from  the  earUi 
to  the  highest  point  of  human  vision ;  and  locally,  in  Houston  coimty,  the 
chinch  bug,  where  considerable  damage  was  inflicted  by  this  new  foe  to  our 
great  staple. 

******  the  third  was  not  of  sufficient  ina^itude  to  warrant  the  precise 
ascertainment  of  it — but  it  is  a  dangerous  and  innidious  foe,  and  doubly  danger- 
ous because  it  is  insidious,  and  should  the  coming  year  be  marked  with  their  re- 
newed attacks,  they  should  be  carefully  studied  and  their  <;haracteristics  report- 
ed." 

Upon  page  97  of  the  same  report  the  Commissioner  quoted  the 
following  letter : 

CALED.ONIA,  Houston  Co  ,  Minn. 
December  10,  1877. 

T.  3f.  Metcalf,  Cotnmissioner  of  Statistics: 

Sir: — In  reply  to  your  inquiries  as  to  the  ravages  of  the  Chinch  Bug  in  this 
county,  I  cannot  say  much. 

These  pests  are  a  mystery  to  me,  and  to  every  one  of  whom  I  have  inquired, 
and  1  have  not  been  able  to  find  out  much  about  them. 

They  are  here  now;  they  have  charged  the  earth  with  eargs  ready  for  theliatch- 
mg  teinperature  of  earliest  Spring,  when,  I  fear,  our  fanners  here  A\ill  catch  it 
again.  I  learn  that  they  are  at  Fountain,  on  the  Southern  Minnesota  Railroad, 
in  myriads. 

It  18  estimated  that  they  destroyed  two-fifths  of  the  wheat  crop  of  this  county 
in  1877. 

The  hee  theory  has  been  tried  on  them.    They  smell  like  a  bed-bug,  and  one 
can  detect  their  presence  by  the  smell  in  walking  through  the  fields.    They  also 
manifest  themselves  by  the  chan^  in  the  color  of  the  grain.    Their  season  is 
when  the  grain  is  in  the  *'milk,"  just  before  harvest. 
They  do  no  iiyury  at  all  before  that  time. 

It  is  said  that,  they  were  here  before— just  at  the  close  of  the  war.  Some  of 
them  live  in  the  ground,  under  the  stools  of  the  grain  through  the  winter,  but 
most  of  them  leave  their  eggs  and  die  in  the  fall. 

'fhey  work  in  a  small  patch,  and  all  that  are  in  that  patch  get  together  at 
night  m  a  large  pile,  like  ants  in  a  liill,  and  the  boot-heel,  and  hot  water,  witli 
aid  of  lanterns,  are  used;  but  this  is  a  slow  process.  When  they  finish  a  small 
patch,  they  move  to  another  part  of  the  field. 

They  were  not  ti-oublesome  m  the  western  part  of  this  county,  nor  were  there 
many,  if  any,  in  adjoining  counties. 

Very  Respectfully, 

Yours,  &c., 

E.  W.  TRASK, 
Auditor  of  Houston  Co, 


Digitized  by 


Google 


STATE    GEOLOGIST.  151 

I  have  received  the  following  letter  from  the  same  source  : 

Dear  Sir: — ^Your  favor  of  the  lOthinst.  reouestinj?  infbnnation  concerninfir 
<chmdi  bugs,  rye,  &c,  canie  duly.  The  chinch  ougs  promise  mischief  a^ain  this 
year  in  this  county.  They  are  very  thick  in  the  fields.  We  are  a  little  m  hopes 
that  frequent  cool  showers  will  keep  them  back,  and  the  early  season  ripen  the 
j^ain  before  they  do  much  dama^.  Some,  not  much,  winter-rye  is  sown.  The 
hugs  do  not  trouble  that  much  I  am  informed. 

Respectfully, 

E.  W.  TRASK, 
Auditor  of  Houston  Co. 
Caledonia,  Minn.  May  22,  1878. 

Crop  reports  in  the  St  Paul  Pioneer  Press  during  the  past  month 
mention  the  presence  of  the  chinch  bug  in  other  localities.  As  it 
may  be  necessary  for  farmers  to  take  what  precautions  they  can 
against  this  most  dangerous  insect,  I  here  briefly  digest  the  sub- 
:stance  of  several  entomological  reports  upon  the  chinch  bug,  with 
the  hope  that  the  republication  of  these  notes  in  the  newspapers 
may  add  something  to  the  knowledge  of  those  who  are  not  practi- 
■cally  acquainted  with  it.  Riley's  Seventh  Annual  Report  for  the 
State  of  Missouri  (pp.  19-50)  describes  (with  figures)  the  insect  in 
full,  its  habits  natural  enemies,  and  the  best  methods  rtf  contend- 
ing with  it.  Fitch's  2d  Entomological  Report  for  the  State  of 
New  York.  Harris,  Insects  injurious  to  Vegetation,  and  Prof  A. 
S.  Packard's  Report  on  the  Locust  and  other  Insects  in  the  west- 
em  States  and  Territories  contain  interesting  and  valuable  infor- 
mation on  the  same  subjects. 

THE  CHINCH   BUG. 

Mentioned  in  various  agricultur-il  and  entomological  reports  un- 
der the  scientific  names  of  Lygaeus  Leif  copter  us,  Mhyparochromus 
Leucoj^ieruSj  Micropus  Lencoj^tenis^  Blissus  Leucoptenis. 

An  hemipterous  (half-wmged)  insect  of  the  sub-order  of  Heterop- 
tera;  emitting,  like  many  insects  to  which  it  is  related,  and  for  some 
of  which  it  is  easily  mistaken,  a  nauseous  (bed-buggy)  odor. 

A  sucking  (haustellate)  insect,  furnished  with  a  sharp-pointed 
beak,  subsisting  upon  the  juices  of  grasses  and  cereals.  Found 
^while  young  feeding  upon  the  roots  and  afterwards  upon  stalks  and 
leaves. 

The  adult  insect  is  about  three-twentieths  of  an  inch  in  length; 
the  body  is  long,  blackish,  and  hairy;  the  wings  and  fore  wings  are 
^white,  while  the  latter  have  a  black  spot  upon  the  middle  of  the 
edge;  legs  dark  yellow.  Some  ten  varieties  (including  one  wing- 
less) are  found  differins:  more  or  less  in  color,  but  in  general  the 
species  may  be  easily  distinguished  by  the  white  fore  wings  with 
the  black  spot  upon  the  edge. 

The  adult  insects  pass  the  winter  hidden  about  the  edges  of  fields, 
*''  under  dead  leaves,  under  sticks  of  wood,  under  flat  stones,  in  moss, 
in  bunches  of  old  dead  grass,  or  weeds  or  straw,  and  often  in  coru-» 
stalks  and  cornshueks. — Bihy, 
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These  come  forth  in  the  warm  spring,  paii*,  and  the  female  de- 
posits her  effgs,  laying  them  from  day  to  day  for  about  twenty  days, 
underground  upon  the  roots  of  the  plant  destined  for  food.  These 
are  laid  in  clusters,  and  are  about  three  one-hundredths  of  an  inch 
long,  and  pale  amber-colored.  They  hatch  in  about  two  weeks,  and 
the  wingless  young,  bright  red  in  color,  may  be  found  around  and 
clinging  to  the  roots  where  they  have  been  hatched.  These  acquire 
wings  in  about  six  weeks,  and  after  pairing,  produce  a  second  brood 
which  lives  through  the  winter,  as  stated  above. 

The  insects  may  be  seen  upon  the  wing  at  pairing  time,  but  do 
not  take  to  flight  readily.  Tneir  migrations  are  performed  mostly 
on  foot,  iu  the  growing  stages,  and  from  one  field  to  another. 

For  the  purpose  of  destroying  the  adult  insects  in  the  fall  and 
winter,  ana  to  prevent  future  multiplication,  the  corn-stalks,  dry 
weeds,  rubbish,  &c.,  about  the  fields,  should  be  burned,  or  these  with 
boards,  or  anything  under  which  the  insects  may  take  shelter,  may 
be  left  around  the  helds,  for  the  purpose  of  trapping  them. 

As  the  female  endeavors  to  penetrate  below  the  surface  of  the 
ground  for  the  pupose  of  depositing  her  e^gs  about  the  roots  of 
plants,  rolling  after  seeding  tends,  by  hardening  the  ground,  to  pre- 
vent the  deposit  of  eggs. 

Early  sowing  and  mvigoratinff  the  plant  with  manure  tend  to 
bring  forward  the  crops  before  tne  youog  are  capable  of  doing  their 
greatest  injury. 

As  Huuganan  grass  is  a  favorite  food  of  the  chinch  bug,  a  rod  or 
two  of  it  sown  around  a  field  of  wheat  tend  to  keep  the  young  occu- 
pied until  the  wheat  is  out  of  danger.  It  is  also  recommended  to 
sow  with  each  12  bushels  of  winter  wheat  one  bushel  of  winter  rye» 
as  the  bugs  will  destroy  the  rye  in  preference  to  the  wheat;  or  to 
sun-ound  or  intersperse  grain  crops  with  hemp,  flax,  castor  beans, 
or  buckwheat.  Whenever  badly  infested  patches  of  grain  are  no- 
ticed early  in  the  season,  straw  should  be  spread  over  them  and 
burned. 

The  migrations  of  the  young,  on  foot,  are  prevented  by  boards 
set  on  edge  along  fields,  and  smeared  with  tar;  or  by  coal  tar  poured 
along  on  the  ground;  or  by. running  along  the  edge  of  fields  a  fur- 
row turned  outward,  in  which  the  insects  may  be  destroyed  by 
dragging,  burning,  or  in  pit-holes. 

Excessive  moisture,  (rain,  etc.)  are  destructive  to  the  chinch  bug; 
hence  wherever  continued  irrigation  is  possible  the  insects  may 
always  be  destroyed  while  still  underground. 

Among  the  natural  enemies  of  the  chinch  bug  are  several  species 
of  Lmly  Bird,  the  Insidious  Flower  Bug,  and  the  many-Banded 
Robber,  (of  insects),  and  the  quail,  as  well  as  (perhaps)  the  prairie- 
chicken  and  red-winged  black-bird. 

As  before  stated,  many  insects  closely  related  to  the  chinch  bug, 
having  nearly  the  same  form  and  smell,  maybe  easily  mistaken  for  it. 
Perhaps  the  most  common  of  these  is  the  False  Chinch  Bug  (Nysius 
Destructor).  1 1  found  these  iu  abundance  (pairing)  around  Mon- 
ticello,  June  14,  in  comstubble  and  around  purslane  ;  they  were 
mistaken  for  the  chinch  bug  by  those  who  had  seen  the  latter  re* 
peatedly]. 
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The  chinch  bug  is  a  southern  rather  than  a  northern  species  of 
insect,  but  it  has  been  found  in  Wisconsin  considerably  farther 
north  than  in  Minnesota,  and  Prof  Packard  has*  found  it  in  Maine 
and  on  the  summit  of  Mount  Washington.  He  infers  that  it  is 
found  in  the  colder  as  well  as  warmer  portions  of  New  England, 
and  adds.  "It  probably  inhabits  the  entire  United  States  east  of 
longitude  100® ,  and  will  probably  occur  in  the  western  Territories, 
wherever  wheat  is  raised,  though  perhaps  the  altitude  and  peculiar 
climatic  features  of  the  Rocky  Mountain  Plateau  may  prevent  its 
rapid  and  undue  increase.'^ 

It  has  years  of  excessive  multiplication,  like  the  locust,  and 
other  insects.  In  1864  it  was  exceedingly  destructive  in  the  Mis- 
sissippi Valley.  In  1868  it  did  considerable  damage  in  Southern 
Ulinois  and  Southwestern  Missouri.  In  1871  and  1874  it  was  again 
very  destructive — in  the  former  year  the  losses  were  estimated  at 
thir^,  and  in  the  latter  at  sixty  million  dollars,  the  losses  in  Mis- 
souri alone  amounting  to  ninteen  millions.  (Riley).  In  such  years 
as  these  its  control  passes  beyond  the  hands  of  man,  and  it  is  only 
possible  to  mitigate  its  ravages  to  some  extent,  by  earnest  and 
united  efforts. 

Respectfiillv  submitted, 

"    ALLEN  WHITMAN. 
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ORNITHOLOGY. 


REPORT  OF  DR.  P.   L.   HATCH. 


Prof.  K  H.  Wmchell: 

Dear  Sir  : — ^In  accordance  with  your  request  I  have  the  pleasure 
to  report  a  satisfactory  advancement  of  the  ornithological  survey  of 
the  State  during  the  past  year.  Personally,  and  through  the  assist- 
ance of  competent  observers,  representative  localities  remote  from 
the  settlements  have  received  special  attention,  particularly  those 
embracing  water-courses,  and  heavily  timbered  districts.  Many  im- 
portant mcts  pertaining  to  ihe  migration,  distribution,  feeding, 
and  breeding  of  some  species  about  which  hitherto  very  littk 
has  been  known,  have  been  obtained  which  will  be  valuable  in  the 
further  prosecution  of  the  survey.  Another  of  these  facts,  notably, 
is  the  intermixture  of  varietal  forms  representing  different  avi-faunal 
provinces.  The  western  borders  of  the  State  have  long  been  known 
to  be  interchangeable  grounds,  bu.t  it  appears  that  most  other  por- 
tions partake  of  the  same  characteristics.  I  merely  allude  to  tnese 
things  to  indicate  to  you  some  features  of  the  work  to  be  accom- 
plished. K  it  were  only  the  listing  of  species  found  to  be  what  is 
commonly  called  resident  birds^  my  previous  work,  together  with 
my  co-laborers  in  the  Minnesota  Academy  of  Natural  Sciences, 
would  leave  comparatively  little  to  be  done.  But  it  embraces  the  larg- 
est measure  of  attainable  data  in  everything  pertaining  to  the  esthetic 
and  economic  relationships  of  the  birds  to  the  commonwealth. 

To  accomplish  so  much,  or  to  approximate  it  necessitates  the 
employment  of  all  available  aid  and  considerable  time.  I  regard 
myself  highly  favored  in  having  the  co-operation  of  several  compe- 
tent collectors  in  the  different  sections  of  the  State  and  especially 
a  number  of  young  men  residing  in  this  city.  They  have  already 
contributed  notes  on  the  habits  of  some  rare  species  that  are  of 
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^reat  value  which  will  appear  in  my  final  report,  when  each  will 
Be  duly  accredited  with  all  that  he  has  done. 

Witn  this  abbreviated  general  statement  of  what  I  have  accom- 
plished during  the  year,  reserving  details  for  a  final  report,  I  remain 

1  ours  respectfully, 

P.  L.  HATCH. 
818  Nicollet  Avenue,  Minneapolis,  May  1, 1878. 
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RAILROAD  ELEVATIONS. 


BY  E.  8.  ALEXANDER. 


ELEVATION  on  the  Hutchinson  branch  of  the  Minneapolis  and 

Northwestern  Railway — Commencing  11.6  miles  west  o/Minne^ 

apolis,  on  the  line  of  M.  &  St,  L,  Railway,  thence  westward 

through  counties  of  Hennepin,  Carver  and  McLeod^  to 

Hutchinson-— from  notes  of  prelimitiary  survey 

made  in  November^  1877. 


Miles 
from   St. 
P^&P.  Ry 

Depot. 


Elevation 
above 
OceaiL 


11.6 


12.2 
13.4 


15.6 

15.8 
16.9 
17.1 

18.2 

19.3 


20.0 
20.7 

21.8 
22.7 


Island  Lake  (M.  &  St.  L.  railway  track) 
"      *'      (surface  of  water) 


Town-line  between  Eden  Prairie  and  Minnetonka  townships  VA. 

niiles  east  of  northwest  comer  of  E.  P.  township  (ground) 

Bottom  of  Purgatory  creek 

Town-line,  Minnetonka  and  Excelsior  townships,  M  mile  north  of 

township  corner  (ground) 

Opposite  north  end  of  Silvine  or  German  Lake  (water— about)... 

Summit  of  ridge  between  Silvine  and  Christmas  lakes 

Ridge  south  of  Christmas  I^ke 

Christmas  Lake  (water— about) 

Lake  Lucy  (giound) 

'*      (water) 

On  west  line  of  .section  3  near  V4  comer  Chanhassan  township.  This 

is  on  a  narrow  ridge  16  feet  above  the  tamarack  swamp  on  west, 

and  20  feet  al)ove  tamarack  swamp  on  east ;  the  hills  on  each  side 

are  sixty  or  seventy  feet  higher  than  the  swamp 

Minnewtishta  Lake  (water) 

North  line  of  Chanhasseu  township,  in  front  of  school  house  No.  60 

Virginia  Lake  (water) 

Outlet  of  Virginia  Lake— head  of  Lake  Minnetonka— old  site  of 

Smithtown  (water  of  Minnetonka) 

From  here  the  line  follows  around  the  south  side  of  Lake  Minne- 
tonka and  Halsted's  bay  to  26.2  miles.  Bluffs  are  from  80  to  looft.high 


881 
978 
997 
920 
945 
913 


934 
972 
919 

917 
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Miles 

from   St. 

P.&P. 

Depot. 


Elevation 
above 
Ocean. 


26.5 
26.6 
26.7 


29.2 
31.3) 
to    [ 
32.2) 
32.2 
33.3 
35.1 


36.7 

39.9 
43.0 
43.9 
44.4 
44.6 

46.9 
48.7 
49.7 
62.0 
54.0 

55.3 
66.0 
66.4 
57.5 
58.6 
61.7 
62.1 

62.4 


Ridge  between  Six-mile  creek  and  Halsted's  bay 

Marsh  of  Six-mile  creelc 

Six-Mile  creek  (bottom) 

500  feet  north  of  the  center  of  section  20,  Minnetrista  township— out- 
let of  large  cranberry  marsh 

Watershed  between  Lake  Minnetonka  and  Crow  river 

On  south  edge  of  Picture  or  Mud  Lake  (water) 

Center  of  section  14,  Watertown  township 


Crow  Biver  (bluff  on  east  side ) 

"        "     (Watertown  mill-dam) 

"        "     (bottom  of  river) 

1,900  feet  north  of  southwest  comer  of  section  8,  Watertown  Tp., 

(grassy  swamp) 


Ocean  Marsh  (grassy  marsh) 

County-line  between  Carver  county  and  McLeod. 

Outlet  of  Winsted  Lake  [dry  bottom] 

Winsted  Lake,  south  side  [top  of  bluff] 

*•  "     [water] 


1,400  feet  west  of  the  southeast  comer  of  section  28  in  Hale  tovmship 
—half  mile  north  of  Sliver  Lake  post-ofllce^ 

Swan  Lake  [water] ^ 


Bear  creek .  .  .      ••..•••..- 

Leave  Big  Woods  and  enter  the  rolling  prairie. 

Crow  River  I  bluff] 

'*        ••      [water] 

"      [bottom] 

Hutchinson 


943 
919 
913 

973 
981 


931 
983 
965 
916 
910 


981 

988 
« 1,014 

961 
1,003 

985 
1,026 
1,029 
1,018 
1,010 

1,051 
1,074 
1,036 
1.066 
1,037 
1,058 
1,068 
1,020 
1,017 
1,033 


The  above  levels  do  not  give  a  correct  idea  of  the  nature  of  the 
country — ^which  is  very  rough  as  far  as  Watertown. 

From  12.5  miles  to  15.8  miles  the  line  follows  the  valley  of  Pur- 
gatory Creek,  whose  bluffs  roll  back  to  a  height  of  about  70  feet  in 
quarter  of  a  mile. 

At  17.0  miles  the  line  crosses  a  ridge  which  runs  northeasterly 
and  southwesterly.  This  ridge,  compressed  to  a  width  at  the  base 
of  500  or  600  feet  between  lakes  Silvine  and  Christmas,  widens  out 
both  southwest  and  northeast.  It  prevents  Lake  Minnetonka  from 
draining  into  Purgatory  creek — although  that  valley  is  nearly  forty 
feet  lower  than  ttie  leke — and  flowing  thence  into  the  Minnesota 
river. 

The  bluffs  on  Lake  Minnetonka  rise  abruptly  to  hight  of  about 
80  feet,  and  a  few  hundred  feet  back  are  100  feet  above  the  lake. 
The  liue  runs  around  on  the  foot  of  the  bluffs. 

From  Six  Mile  creek  the  line  follows  up  a  small  valley  to  29.2 
miles  where  it  crosses  the  watershed.  At  this  place  there  are  hills 
on  each  side  which  must  be  80  feet  higher. 

From  here  it  follows  down  a  small  ravine  between  high  hills  to 
Picture  Lake.  On  the  north,  south,  and  northeast  sides  of  this  lake 
the  hills  rise  abruptly  about  one  hundred  feet. 
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From  here  to  Watertown  the  country  is  not  so  broken. 

From  36.5  miles  the  line  follows  up  a  small  valley — whose  bluffe 
are  about  40  feet  high — to  39.9  miles. 

From  this  point  to  Hutchinson  the  general  level  of  the  country 
is  very  well  shown  by  the  table.  It  is  rich  and  rolling,  the  knolb 
rise  ten,  twenty,  and  sometimes  thirty  feet  above  the  depressions. 

[The  red  hardpan  drift,  in  a  modified  condition,  extends  via  Hopkins  Station, 
«past  the  eaAt  end  of  Lake  Minnetonka,  and  to  within  perhaps  five  or  six  miles  of 
Excelsior.  The  drift  knolls  that  seem  to  extend  in  a  nearly  continuous  series 
along  the  south  side  of  the  Lake  Minnetonka  consist  of  this  red  drift.  There  are 
occasional  places  of  sandy  surface,  and  others  of  red  loam,  but  the  most  of  the 
surface  is  of  a  red  gravelly  loam  that  seems  to  be  derived  from  a  slight  mixing 
of  the  gravelly  sub-soil  with  a  thin  loam  that  probably  corresponds  to  the  loess 
loam  of  further  east.  On  these  knolls  the  soil  is  the  same,  but  is  much  thinna*, 
or  almost  destitute  of  loam. 

On  the  road  to  Wayzata,  from  Minneapolis,  the  red  drift  continues  to  the 
Half-way  House  about  seven  miles  from  Minneapolis.  Thence  westward,  along 
the  north  side  of  Lake  Minnetonka,  the  surface  is  one  of  gray  hardpan.  N.  H.  W.] 
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REPORT  ON  THE  GENERAL  MUSEUM, 


OONTArNTNG  THE  COLLECTIOKS  OF    THE    GEOLOGICAL   AND   NATURAL 
HISTORY  SimVEY  FOR  THE  YEAR  18T7. 


By  iV.  H,  Winchelty  Curator. 

The  principal  work  during  the  year  has  been  the  opening,  cata- 
loguing, and  placing  on  exhibition  of  the  Kunz  collection  of  minerals. 
On  the  completion  of  the  twelve  cases  designed  for  minerals  and 
fossils,  which  are  constructed  on  the  plan  of  similar  cases  in  the 
Smithsonian  Institution  at  Washington,  these  specimens  were  de- 
posited therein.  They  were  subsequently  re-handled  and  neatly 
labeled  with  a  form  of  printed  label.  In  the  same  cases  have  been 
placed  a  part  of  the  fossils  of  the  Trenton  formation  which  have  been 
studied.  The  duplicates  of  the  species  of  the  Kunz  collection,  which 
constitute  nearly  one-half  of  its  billk,  have  also  been  examined,  re- 
corded in  the  repster,  and  re-boxed.  They  will  shortly  be  oflfered  for 
exchange,  ard  m  that  way  will  serve  to  increase  the  number  of 
species  in  the  Museum. 

The  Megatherium  skeleton,  a  part  of  the  collection  purchased  of 
H.  A.  Ward  several  years  ago,  was  unboxed  for  the  first  time  since 
its  delivery  at  the  University,  in  the  summer  of  1877,  and  carried  to 
the  north  room  of  the  Museum  preparatory  to  mounting.  Una- 
voidable circumstances,  much  to  be  regretted,  have  delayed  this  to 
the  present,  and  the  room,  on  the  floor  of  which  it  is  spread  out, 
has  necessarily  been  closed  to  promiscuous  admission  of  the  public, 
though  interested  visitors  have  been  admitted  on  application. 

Two  other  upright  cases  have  also  been  built  in  tne  north  room, 
uniform  with  those  reported  last  year,  designed  for  the  exhibition 
of  birds,  thus  furnishing  the  walls  of  the  room  with  all  the  cases^ 
they  will  accommodate.  In  one  of  these  cases  Mr.  Hemck  has 
placed  a  number  of  our  native  birds,  tastefully  and  naturally 
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mounted,  and  arranged  on  artificial  supports.  The  ornithological 
ol»ervations  of  Mr.  Herrick  during  the  year  have  been  reports  to 
Dr.  Hatch,  for  use  in  preparing  a  final  report  on  the  ornithology  of 
the  State. 

In  addition  to  the  birds  added  to  the  Museum,  a  number  of  plant- 
.  specimens  have  been  preserved  by  Mr.  Herrick ;  and  others  have 
been  presented  by  Mr.  B.  Juni. 

The  fossils  collected  from  the  Trenton  limestone  at  Minneapolis 
are  mostly  entered  in  the  Register,  though  as  yet  unstudied. 

A  collection  of  marine  specimens  from  the  coast  of  Virginia  was 
presented  by  Ex-Governor  Horace  Austin,  comprising  the  loUowing 
species :  • 

1.  Flying  Gurnard.    Perinothus  (sp?) 1    specimen. 

2.  Weak  Fiah.    Otolithus  regalis.    Cut,  and  Val 1    specimen. 

8.    Toad  Fish.    Batrachus  tau,    Linn 1    specimen. 

4.  Perch.    Perca  (sp?) 3  specimens. 

5.  Fiddler  crab.    Gelasimus  rocans,    MUne  Ed 1    specimen. 

6.  Crap.    Z/ttpa  (sp?) 5  specimens. 

7.  Brachyuran  crustaceans 3  specimens. 


8.  Sea  Urchin.    Echinus  {sp'i) 2  specimens, 

9.  Brittle  Star.    Ophiura  (sf?) 1    specimen, 

10.    Star  Fish.    Asterias  (sp  r) 2  specimens. 


These  have  been  placed  in  suitable  bottles  in  alcohol,  and  form, 
together  with  other  specimens  collected  in  the  Custer  Expedition  to 
the  Black  Hills  in  1874,  and  others  preserved  last  year,  the  nucleus 
of  a  collection  of  the  invertebrate  and  lower  vertebrate  animals 
which  will  be  of  much  interest. 

A  specimen  of  the  so-called  Jack  Rabbit  was  obtained  at  Lake 
Shetek  in  Murray  countv,  where  was  also  found  the  common  eastern 
species.  This  is  jjrobably  nearly,  on  the  eastern  limit  of  the  range 
of  the  Jack  Rabbit.  A  few  skulls  are  mounted  on  suitable  pedes- 
tals, viz.:  Ovis^  Cams,  and  Felis^  to  which  others  will  be  sdded. 

The  following  catalogue  shows  the  name,  number,  and  source 
of  the  geological  and  mineralogical  specimens  added  during  the 
year,  exclusive  of  the  collection  of  several  boxes  in  the  prosecution 
of  the  field  work  of  the  Geological  Survey,  and  only  so  far  as  the 
same  have  been  examined  and  labeled. 
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I. 

SUMMARY  STATEMENT. 


Before  the  beginning  of  the  field-work  for  the  year  the  Board  of 
Regents  took  important  action  relating  to  the  Geological  and  Nat- 
ural History  Survey  of  the  State,  intended  to  carry  out  some  of 
the  suggestions  of  the  last  report. 

1st.  The  State  Geologist  was  relieved  from  giving  instruction 
in  the  University,  and  an  assistant  was  appointed  to  discharge  those 
duties. 

2nd.  The  operations  of  the  survey  were  transferred  to  the 
northern  part  of  the  State. 

3d.  The  zoological  and  botanical  investigations  were  ordered 
to  be  kept  in  abeyance  or  carried  only  so  far  as  possible  without 
much  additional  expense. 

4th.  The  geological  survey  proper  was  ordered  to  be  pushed  as 
rapidly  as  possible,  with  a  view  to  substantial  completion  in  four 
years,  and  the  publication  of  a  couple  of  volumes  of  a  final  report, 
cue  on  the  northern  part  of  the  State  with  the  necessary  mineral- 
ogy, and  one  on  the  southern  with  the  necessary  paleontology. 

5th.  The  annual  reports  on  the  geological  work  were  ordered  to 
be  brief  and  synoptical,  the  details  of  the  survey  being  reserved  for 
final  publication  in  a  more  substantial  and  creditable  form. 

In  consequence  of  this  action  the  following  report  is  calculated 
to  give  but  an  outline  of  the  progress  of  the  survey  during  the 
year. 

Mr.  C.  W.  Hall,  late  of  Leipzig,  who  was  appointed  an  assistant 
on  the  survey,  conducted  an  independent  party  in  the  northern 
part  of  the  State  during  September  and  October,  and  his  prelimin- 
ary report  on  the  same  is  herewith  transmitted. 
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Professor  Peckham's  report  on  chemical  work  done  tor  the 
survey,  and  on  an  expedition  for  assaying  ores  on  the  north  shore 
of  Lake  Superior,  is  embraced  in  the  following  pages. 

Dr.  P.  L.  Hatch  submits  an  annual  statement  of  progress  in 
ornithology. 

Identifications  of  plants  in  the  northern  part  of  the  State,  and 
notes  on  the  flora  and  forest  of  the  same  are  contributed  by  Mr.  B. 
Juni  who  was  special  botanical  collector  during  a  portion  of  the 
season  of  1878. 

Mr.  C.  L.  Herrick,  assistant  in  the  laboratory,  is  engaged  on  a 
systematic  examination  of  microscopic  entomostraca  inhabiting 
fresh  waters  in  Minnesota.  This  he  has  prosecuted  for  more  than 
a  year,  and  he  contributes  to  the  survey  the  first  results  of  his 
work. 

The  Museum  report,  accompanying  this,  shows  recorded  addi- 
tions to  the  specimens,  and  increased  facilities  for  exchanging  and 
working  up  the  material  on  hand. 

The  survey  is  under  obligations  to  President  John  P.  Hsley,  of  the 
St.  Paul  and  Duluth  R.  R.  and  Chas.  F.  Hatch,  Superintendent  of  the 
Minneapolis  and  St.  Louis  R.  R.,  for  free  transportation  on  those 
railroads  respectively,  and  to  McLennan  and  Morison  of  Duluth, 
Henry  Mayhew,  of  Grand  Marais,  and  N.  T.  Wilson  and  James 
Caldwell  of  Grand  Portage,  for  various  favors  in  organizing  par- 
ties and  transporting  supplies  and  specimens. 
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SKETCH  OF  THE  WORK  OF  THE  SEASON  OF  1878. 


Before  entering  on  the  field-work  for  the  season  of  1878,  it  was 
decided  to  give  special  attention  to  the  economical  mineral  interests 
of  the  northern  part  of  the  State,  and  if  necessary,  to  spend  the 
whole  summer  in  visiting  and  examining  the  mineral  locations  and 
workings  that  have  been  begun  in  that  part  of  the  State.  This 
was  published  in  sevetal  of  the  State  papers.  It  was  very  soon  dis- 
covered, however,  that  the  general  interest  of  mining  in  the  State 
had  been  over-estimated,  and  that  but  very  few  persons  were  suffi- 
ciently enlisted  to  desire  any  examination,  or  to  accompany  any 
geological  party  to  their  claims;  and  in  fact,  that  at  the  present 
time  there  is  no  actual  mining  being  done  at  any  place  in  the  State. 
It  was  at  but  one  point  that  the  owner  of  any  mineral  location  was 
found  at  work  on  his  claim,  though  at  a  number  of  places  shallow 
shafts  for  trial  have  been  sunk,  and  at  some,  a  considerable  deep 
excavation  has  been  done  in  previous  years.  Still,  the  original  plan 
was  carried  out,  and  all  mineral  locations  of  which  any  information 
could  be  obtained,  were  examined,  so  far  as  they  were  embraced 
within  the  territory  of  the  State,  and  several  also  in  British  terri- 
tory. In  addition  to  the  examination  of  all  known  mineral  loca- 
tions, the  geology  proper  of  the  northern  part  of  the  State  has  been 
carefdlly  observed  along  some  important  lines,  and  about  forty-five 
boxes  of  specimens  have  been  collected.  The  work  consisted  in  a 
careful  examination  of  the  coast  line  of  Lake  Superior  from  Duluth  to 
Pigeon  river,  for  geological  and  lithological  data.  This  occupied  the 
gpreater  part  of  July  and  August.  During  September  and  October  two 
independent  parties  were  engaged.  One  was  occupied  in  ascending 
some  oi  the  streams  that  enter  Lake  Superior,  beginning  with  those 
most  easterly,  and  the  other  in  a  trip  along  the  international  boun- 
dary line  as  far  as  Basswood  lake;  thence  to  Vermilion  lake;  thence, 
by  the  Embarrass  river,  to  the  St.  Louis  river.    Descending  the 
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St.  Louis  to  its  nearest  point  of  approach  to  the  Mississippi  riTer, 
this  party  crossed  over  to  the  Mississippi,  and  descended  it  as  far  as 
Little  Falls,  in  Morrison  county,  when  floating  ice  and  cold  weather 
rendered  it  impossible  to  continue  the  descent  by  river.  The  details 
of  these  explorations  will  be  given  in  worb'ng  up  the  geology  and 
and  lithology  of  the  State.  Some  of  the  salient  results  are  given 
by  Mr.  Hall  in  his  report  accompanying  this,  and  others  may  be 
grouped  and  stated  as  follows. 

(a)  Geological  Results. 

The  trend,  or  strike,  of  the  formations  of  the  northern  part  of 
the  State,  north  of  Lake  Superior,  is  more  nearly  east  and  west 
than  has  been  supposed.  Hence,  they  cross  the  coast  line  at  an 
acute  angle,  the  later  formations  being  toward  the  south,  and  the 
older  along  the  international  boundary  line.  The  igneous  cuprifer* 
ous  series  seems  to  overlie  several  formations  unconformably,  and  tO 
be  interstratified  with  some  of  the  later,  and  especially  with  a  red, 
shaly  sandstone. 

The  formations  that  compose  the  coast  line,  including  the  cupri- 
ferous rocks  which  are  everywhere  the  most  conspicuous,  and  tor 
many  miles  constitute  the  only  visible  rock,  seem  to  be  something 
as  follows,  in  descending  order. 

1.  Metamorphic  shales,  sandstones  and  quartzyte.  These  are 
cut  by  dykes,  and  are  inteirbedded  with  igneous  rock.  They  prevaO 
along  the  coast  from  Duluth,  an  undetermined  distance  northeast- 
ward, and  are,  perhaps,  the  formation  that  Sir  W.  E.  Logan  regarded 
the  Quebec  group,  as  they  are  associated  with  copper-bearing  amyg- 
daloids  and  traps, 

2.  Ferruginous  and  aluminous  sandstones.  These  seem  to  be 
metamorphosed  into  a  firm  basaltiform  red  rock,  as  seen  in  the  Pali- 
sades, and  at  other  points.  The  sandstones  may  be  seen  at  Black 
Point,  interstratified  with  igneous  rock. 

3.  A  quartzos^  conglomerate,  seen  at  the  Great  Palisades  and  on 
Portage  Bay  Island — probably  more  properly  a  part  of  No.  2. 

4.  The  quartzytes  and  slates  of  Grand  Portage  Bay,  and  east- 
ward to  the  termination  of  Pigeon  Point. 

5.  The  jasper,  flint  and  iron-bearing  belt  of  Gunflint  lake  and 
Vermilion  lake,  and  of  the  Mesabi  range. 

6.  The  slates  and  shists  which  the  Canadian  geologists  particu- 
larly designate  Huronian. 

7.  The  syeny  tes,  granytes  and  other  rocks  that  have  been  classed 
as  Laurentian. 
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8.    The  igneous  rocks,  known  as  the  Cupriferoos  Series. 

The  particular  and  local  details  of  stratigraphy  and  lithology 
will  be  given  in  the  final  report,  with  many  interesting  descriptions 
of  scenic  geology.  A  few  general  statements,  which  seem  to  be 
warranted  by  the  observations  of  the  past  season,  will  be  added 
here  respecting  the  foregoing  formations,  though  liable  to  modifi* 
cations  by  later  examination. 

While  No.  1  is  in  contact  with  the  cupriferous  rocks,  and  inter- 
bedded  with  them,  at  Duluth  and  many  miles  northeastward, 
No.  2  is  in  contact  with  them  at  Baptism  river,  No.  3  at  Grand 
Portage,  and  No.  4  on  Pigeon  Point.  The  formations  Nos.  2  and 
3  (or  2  only,  in  the  absence  of  3)  lie  probably  unconformably  on 
No.  4,  and  being  generally  soft  compared  with  the  others,  have 
permitted  the  excavation  of  bays,  such  as  Pigeon  Bay,  Wauswaug- 
oning  Bay,  Grand  Portage  Bay,  Deronda  Bay,  Cannon-ball  Bay, 
Double  Bay,  Horse-shoe  Bay,  Good  Harbor  Bay,  and  the  bay  at 
.Black  Point;  the  points  projecting  eastwardly  being  the  igneous 
dikes  or  overflows,  or  the  harder  parts  of  No,  4.  West  of  Black 
Point  the  coast  line  is  mainly  on  the  strike  of  the  lower  parts  of 
No.  1;  and  so  to  about  Little  Marais,  where  it  begins  to  ascend  in 
the  beds  of  No.  1  to  Baptism  river,  where  the  order  is  reversed  by 
an  outburst  of  the  underlying  Nos.  2  and  3  for  a  short  distance,  the 
hill-ranges  inland  here  also  approaching  the  coast.  Still  further 
west  the  coast  is  wholly  occupied  by  No.  1,  apparently  with  a  zig- 
zag crossing  of  the  strike  as  the  line  of  upheaval  brought  the 
hills  nearer  the  coast  or  let  them  recede.  The  points  and  islands 
east  of  Grand  Portage  Bay  are  in  No.  4,  or  the  associated  igneous 
rocks  of  No.  8. 

Nos.  4,  5,  6  and  7  are  probably  all  conformably  arranged  in  suc- 
cession, at  least  they  have  been  so  seen  at  places.  Nos.  4  and  5  are 
closely  associated,  and  perhaps  the  latter  is  but  a  local  phase  of  the 
former,  while  Nos.  6  and  7  are  as  closely  related,  being  conformably 
interbedded  and  stratified.  No.  5  ia  conformable  with  No.  6  in  the 
iron  district  along  the  southeastern  side  of  Vermilion  lake.  There 
are  evidences  that  the  cupriferous  beds,  i.e.  the  trap  rock  that  plays 
a  great  part  in  the  geology  of  the  entire  region,  once  extended  over 
parts  of  No.  6,  and  it  now  lies  almost  everywhere  over  No.  4.  In- 
deed the  quartzyte  and  slates  of  No.  4,  with  the  overlying  sheets  of 
igneous  rock,  are  the  only  rocks  seen  in  situ  between  Pigeon  Point 
and  Gunflint  lake.  Along  the  north  side  of  this  lake  No.  6  first 
appears  in  force  on  the  boundary  line.  Where  the  quartzyte  of 
Nos.  4  and  5  terminates,  westwardly,  the  cupriferous  series  also 
terminates.    It  was  only  on  some  of  the  islands  in  Vermilion  lake 
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that  there  were  evidences  of  the  former  extension  of  the  igneous 
rock  over  No.  6,  in  the  second  metamorphism  of  some  of  the  talcose 
slates. 

The  hill-ranges  in  the  northern  part  of  the  State,  north  of  Lake 
Superior,  are,  in  general,  mono-clinals  sloping  toward  the  S.  S.  E. 
and  having  various  dip.  They  are  uniformly  (so  far  as  yet  seen) 
capped  with  a  great  thickness  of  the  cupriferous  series,  and  are 
composed,  at  different  points,  of  strata  belonging  to  Nos.  1,  2,  3, 
and  4,  but  most  conspicuously  to  No.  4.  Their  ranges  are  not 
direct  and  systematic,  but  there  seems  to  be'  a  great  confusion  of 
short  mono-clinal  uplifts,  the  fractures  repeating  themselves  a 
great  many  times  in  the  same  formation.  Thus  a  vast  number  of 
faults  in  the  broken  strata  are  produced,  causing  veins  and  mineral 
deposits,  and  furnishing  a  key  to  the  mineral  explorer  in  searching 
for  valuable  ores.  The  hills  formed  by  these  short  mono-clinals 
present  their  perpendicular  sides,  formed  by  the  breaking  of  the 
beds,  toward  the  northwest,  and  their  gradual  slopes  toward  the 
lake.  The  outline  of  their  summits,  if  viewed  a  little  obliquely,  is 
exactly  expressed  by  the  name  that  has  been  given  them  at  one 
point  near  the  shore  of  Lake  Superior — Saw  Teeth  Mountains. 

The  Mesabi  Heights,  north  of  Lake  Superior,  are  composed  out- 
wardly of  drift  materials — at  least  wherever  they  were  examined — 
and  the  ridge  seems  to  be  a  glacial  moraine.  It  is  probable  that  its 
position  was  determined,  at  least  modified,  by  the  prior  existence 
of  a  rock  barrier  through  some  of  its  course,  if  not  through  the 
whole  of  it.  Indeed  toward  the  northeast,  where  it  crosses  the 
international  boundary,  the  mono-clinal  quartzyte  hills  and  ranges 
are  the  principal  features,  and  it  is  probable  that  the  strike  of  the 
quartzyte  formation  (No.  4)  which  is  the  most  enduring  and  at  the 
same  time  the  most  conspicuous  of  the  tilted  formations  above  the 
Laurentian,  roughly  coincides  with  this  moraine. 

There  is  some  evidence  that  the  location  of  some  of  the  import- 
ant points  of  outflow  of  igneous  matter  was  along  the  north  and 
west  of  the  coast,  and  not  in  the  bed  of  Lake  Superior.  Some  of 
the  Canadian  geologists,  particularly  Mr.  Robert  Bell,  have  sup- 
posed that  the  original  volcanic  crater,  or  escape-point  of  igneous 
matter,  was  in  the  valley  of  Lake  Superior,  and  is  now  covered  by 
its  waters.*  Whatever  may  be  the  evidence  to  that  effect,  there 
are  also  evidences  of  a  movement  of  the  trap  toward  Lake  Superior. 
Large  masses  of  feldspar  rock,  embraced  in  the  trap,  as  boulders  are 
embraced  in  the  hardpan  clay,  have  been  carried  from  Carlton's 
peak,  or  from  a  range  of  hills  south  and  west  of  it,  toward  the 

•Geological  survey  of  Canada.    Report  of  1872-73,  p.  106. 
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east  and  southeast.  These  embraced  pieces  become  smaller  in 
going  from  their  place  of  origin,  in  the  same  manner  as  fragments 
of  rock  acted  on  by  the  drift  forces. 

In  regard  to  the  mineralogy  and  lithology  of  the  State  north  of 
Lake  Superior,  many  interesting  observations  and  collections  have 
been  made,  but  it  would  not  be  profitable  nor  possible  to  effect 
their  elucidation  till  they  have  been  studied  and  classified,  and 
until  full  data  have  been  gathered  for  their  discussion. 

(b)  Economic  Geology, 

Preliminary  fteld-report  of  mining  and  mining  locations. 

Of  the  foregoing  formations,  as  No.  8,  is  known  as  the  cupriferous 
series,  or  copper-bearing  rocks,  so  No.  6  might  be  conveniently 
designated  the  auriferous.  No.  5  the  ferriferous.  No.  4  the  argentif- 
erous. The  cupriferous  rocks  i.  e.  the  trap,  overlies  unconformably 
Nos.  4, 5,  and  6,  and  is  interstratified  with  Nos.  1,  2,  and  3.  It 
becomes  specially  cupriferous  in  contact  with  Nos.  1,  2,  and  3. 
Not  an  instance  is  known  of  its  bearing  metallic  copper  when  over- 
lying Nos.  4,  5,  and  6,  within  the  limits  of  Minnesota. 

COPPER. 

This  occurs  in  the  cupriferous  series  in  several  forms,  but  par- 
ticularly as  native  metal.  This  has  been  reported  for  several  years, 
and  some  systematic  attempts  were  made  in  1863  and  1864,  by  the 
French  River  Mining  Company,*  to  carry  on  mining  for  copper  at 
French  river,  but  for  some  reason  the  working  ceased  in  1864,  and 
has  not  been  resumed  again.  Metallic  copper  here  occurs  in  a 
mineral  that  seems  to  run  in  irregular  veins  and  crevices  in  the 
trap,  and  consists  of  grayish-green,  or  gray  massive  prehnite,  resem- 
bling a  granular  quartzyte.  Pebbles  of  this  minertd  are  frequently 
picked  up  on  the  beach,  all  the  way  from  two  miles  east  of  Lester 
river  to  French  river,  and  often  show  small  deposits  of  native  cop- 
per. This  fact  rather  indicates  that  it  occurs  more  or  less  in  the 
trap  of  the  region,  weathering  out  as  the  trap  goes  to  pieces.  At 
this  place  all  the  surface  indications  and  the  associated  minerals  are 
favorable  for  the  existence  of  copper  in  large  quantities  in  the  rock 
of  the  region,  which  extends  several  miles  along  the  shore. 

There  are  a  number  of  other  unimportant  openings  for  metallic 

copper.    Some  were  made  by  John  Mallmann  near  Duluth,  and 

here  is  in  heavy  beds   dipping  n.  10^  w.,  and  has    slicken-sided 

*A  full  account  of  these  operations  may  be  seen  in  the  collections  of  the  Minnesota 
Historical  Society  for  1867,  hy  Hon.  H.  M.  Bice. 
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others  near  Beaver  Bay,  and  Grand  Marais.  Of  the  latter,  that  of 
Johnson  and  Maguire  is  characteristic  of  the  manner  of  occurrence 
of  metallic  copper  in  the  trap  of  the  region.  This  is  situated  on 
Fall  river,  ai^d  the  working,  done  in  the  summer  of  1876,  is  in  the 
valley  near  the  water,  nwi  Sec.  24,  T.  61n.  R.  Iw.  The  greenstone 
seams,  or  thin  fillings  between  the  layers.  These  seams  contain 
what  appears  to  be  prochorite,  with  stilbite  and  small  quantities  of 
calcite  closely  intermixed.  Some  of  these  seams  are  half  an  inch 
thick.  The  copper,  however,  does  not  occur  in  the  seams  or  veins, 
but  in  the  massive,  hard  greenstone,  in  thin  spangling  sheets,  once 
or  twice  the  thickness  of  paper,  or  even  a  quarter  of  an  inch  thick^ 
which  sometimes  extend  over  two  or  three  square  inches,  though 
in  general  they  are  smaller  than  that. 

As  an  ore,  copper  has  been  sought  by  shafting  near  the  centre  of 
Sec.  16,  T.  60,  R.  2w.,  about  three  miles  west  of  the  mouth  of  Cas- 
cade river.  Here  is  a  series  of  veins,  or  a  loose  network,  running 
in  various  directions,  but  in  the  main  w.  19^  n.  This  can  be  seen 
on  the  shore,  and  also  under  the  water  of  the  lake  for  some  distance. 
Some  veins  are  from  one  to  two  inches  wide,  and  others  nearly  six, 
the  aggregate  being  about  four  feet.  This  is  embraced  in  a  bedded 
trap,  which  is  frequently  veined,  and  parts  with  the  "  heulandite" 
coatings,  so  named  by  Norwood.  It  crumbles,  on  weathering,  to  a 
coarse  gravel  of  a  dirty  green  color.  It  has  also  haematitic  red 
spots  on  the  weathered  surface.  Lumps  of  ore,  styled  "  gray  copper 
ore,"  have  been  taken  out  of  this  location,  indicating  a  vein  from 
two  to  four  inches  wide,  associated  with  much  laumontite,  and 
calcite  and  stilbite.  The  rock  also  contains  what  appears  to  be 
thomsonite.  The  shaft  that  has  been  sunk  was  filled  with  water 
when  visited,  and  no  examination  below  about  ten  feet,  could  be 
made.  Similar  veins  carrying  "gray  copper,"  cross  Pigeon  Point 
peninsula,  and  appear  on  some  of  the  islands  south  of  the  mainland. 
These  are  owned  by  James  Caldwell  and  others,  and  but  very  little 
examination  has  been  made,  calculated  to  test  their  value. 

SILVER. 

The  great  argentiferous  formation,  or  gray  quartzyte  (No.  4), 
enters  the  State  from  the  British  Possessions  with  a  width,  along 
the  boundary  line,  extending  from  the  Lake  Superior  shore  to  the 
west  end  of  Gunflint  lake.  There  have  been  a  great  many  mining 
locations  made  in  the  area  of  this  belt  of  rock,  the  greater  number 
by  far  being  for  silver.  The  silver  occurs  in  veins,  or  leads,  gener- 
ally of  quartz  with  varying  quantities  of  calcite,  fluorite  and  barite. 
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In  some  of  these  veins  is  a  curious  gangue-rock  of  brecciated 
quartzjte  firmly  cemented  by  the  minerals  that  accompany  the 
vein;  and  in  this  case  the  veins  are  themselves  largely  made  of 
this  breccia,  and  differ  less  in  outward  characters  from  the  quart- 
35yte  formation  in  which  they  occur.  They  are  sometimes  twenty 
or  more  feet  in  width.  These  veins,  or  leads,  of  mineral-bearing 
quartz  occur  when  the  formation  has  been  fractured;  and  as  the 
whole  country  consists  of  a  succession  of  sharp  mono-clinals  in 
this  rockf  the  veins  are  found  to  lie  alongside  of  the  broken  off 
layers,  following  the  faults  that  now  are  in  the  valleys.  Hence 
they  are  frequently  overlooked,  being  hid  by  the  fallen  debris  or  by 
the  scanty  foreign  drift.  Occasionally  a  fault  is  apparent  in  higher 
levels,  and  such  veins  have  been  first  discovered  and  "claimed."  In 
general  they  have  an  east-and-west  course,  except  when  some  irreg- 
ularity of  direction  accompanied  the  uplift.  The  silver  of  these 
veins  is  in  the  form  of  argentiferous  galenite  and  as  native  silver^ 
and  some  very  rich  deposits  have  been  discovered. 

In  Minnesota,  less  mining  has  been  done  in  this  formation  than 
in  British  territory,  not  because  of  less  favorable  indications,  but 
because  of  the  greater  ease  in  making  permanent  claims  and  secu- 
ring titles  to  land  under  Canadian  laws  than  under  those  of  the 
United  States. 

In  the  following  account,  some  of  the  principal  mining  locations 
visited  the  past  season  are  mentioned.  There  are  a  great  many 
other  veins,  and  also  some  other  mining  works,  that  the  writer  has 
not  seen,  because  they  are  less  accessible,  or  were  unknown  at  the 
time  the  field-work  was  going  on,  and  the  plan  for  the  time  being 
did  not  adndt  of  visiting  them. 

A  wide  vein  of  calcite  and  quartz,  the  latter  being  sometimes 
amethystine,  occurs  on  theswi  Sec.  32,  T,  64,  R.  7e.  This  location 
is  now  owned  by  Caldwell,  Dunn,  Lightbody,  Farrel  &  Wakelin, 
The  vein  runs  N.  &  S.,  and  in  1874  was  worked  by  A,  A,  Parker, 
who  made  several  shallow  openings,  (6  to  10  feet)  on  it.  It  under- 
lies toward  the  west  superficially,  and  passes  between  joints  in  the 
quartzyte  (which  in  spots  is  argillacious  and  slaty)  having  a  width 
varying  from  one  to  five  feet.  It  also  embraces  pieces  of  quartzyte. 
This  vein  is  said  to  carry  argentiferous  galena,  but  very  little  could 
be  seen  in  the  pieces  thrown  out.  The  working,  however,  has  not 
been  adequate  to  properly  test  the  character  of  the  vein. 

West  of  the  foregoing  about  twenty  rods,  is  another  vein  show- 
ing about  a  toot  wide,  thought  to  be  a  branch  from  the  former.  In 
tlii»  vein,  on  which  no  working  has  been  done,  croppings  show 
heavy  spar,  calcite,  carbonate  of  copper,  and  amethystine  quartz, 
the  bulk  being  heavy  spar;  runs  N.  20^  W. 
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About  an  equal  distance  east  of  the  main  (N.  and  S.)  vein,  is 
another  vein,  which  shows  about  eight  inches  in  width  near  the 
water  level,  but  becomes  indistinct,  with  included  black  quartzyie, 
and  widens  to  two  or  three  feet  a  rod  or  two  from  the  coast.  It 
sometimes  appears  wholly  involved  or  lost  in  the  formation,  without 
calcite.  This  has  not  been  worked,  and  is  owned  by  the  same 
parties.  These  three  are  thought  to  be  parts  of  the  same  vein,  and 
they  probably  are.  Their  direction  is  not  in  harmony  with  the 
direction  of  most  of  the  veins  examined  further  from  Lake  Superior, 
being  rather  transverse  to  the  prevailing  direction  of  the  system  of 
faults  so  conspicuous  in  the  quartzyte,  than  coincident  with  it. 

The  last  vein  mentioned  above  seems  to  pass  under  the  water 
southward,  and  to  reappear  on  the  south  side  of  Susie  Island, 
where  several  similar  veins,  five  in  number,  can  be  seen,  running  in 
about  the  same  direction.  The  most  of  these  show  no  spar,  but 
generally  only  a  dark  gangue-rock  resembling  a  basaltic  quartzyte, 
or  a  quartz  breccia.  That,  however,  which  is  supposed  to  be  a 
continuation  of  another  from  the  main  land  is  three  feet  wide,  and 
shows  heavy  spar  near  the  water,  and  contains  copper  ore  in  the 
form  of  bomite  and  chalcopyrite,  and  also  (argentiferous)  galena. 

About  i  mile  west  of  the  last  is  a  fine  spar  vein  running  in  the 
direction  of  the  island,  nearly  east  and  west,  visible  under  the 
water  near  the  shore  eight  inches  wide  and  extending  about  25  fSeet. 
It  pinches  out  in  both  directions. 

Baker  and  Kindred^s  location  on  Pigeon  Point  is  about  three- 
quarters  of  a  mile  east  of  the  point  that  encloses  Clark^s  bay,  near 
the  south  shore  of  the  peninsula.  Here  a  shaft  was  sunk  in  the 
winter  of  1877-8  by  Mr.  McPherson  for  the  owners,  but  on  strik- 
ing water  in  about  twenty  feet,  and  being  without  facilities  for 
pumping,  the  work  was  not  then  prosecuted  frirther,  and  has  not 
been  resumed  since.  The  shaft  was  sunk  where  two  large  veins 
cross  each  other,  one  of  these  veins  (a)  is  9  to  10  feet  wide,  runs 
east  15°  south  and  the  other  (b)  is  5  feet  wide  and  runs  south  10° 
east.  Vein  (a)  is  discontinued  at  the  shaft,  or  continues  a  few  feet 
as  a  closely  jointed  irony  rock  which  was  probably  once  charged 
with  pyrites,  and  then  is  lost  in  the  country  rock;  but  a  natural 
trench  marks  its  course  for  several  rods  further  west.  It  may 
reappear  further  on,  but  though  the  surface  had  been  lately  burned 
over,  consuming  even  the  vegetable  mold  of  which  the  soil  princi- 
pally consists,  no  spar  could  be  seen.  The  shaft  principally  dis- 
closes this  vein,  but  is  located  a  little  too  far  east  to  show  the  con- 
tents of  vein  (b).  The  minerals  thrown  out  are  calcite,  barite  and 
amethyst,  with  the  ores  pyrite,  sphalerite,  galenite  and  chalcopyrite. 
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These  are  visible.  Others  might  be  seen  on  having  more  favorable 
opportunities.  No  ore  of  any  kind  lies  about  the  shaft,  but  small 
ciystals  and  masses  of  these  ores  are  scattered  in  the  spar.  There 
is  also  considerable  pyrite  and  chalcopyrite  connected  with  the 
lenticular  masses,  or  "horses/'  of  compact,  hard,  geenish  rock  that 
are  enclosed  in  the  spar.  Vein  (b)  can  be  traced  by  the  protrud- 
ing sptgr  (barite)  a  few  rods  beyond  the  shaft,  but  then  is  losjt  to 
sight.  The  spar  of  vein  (h)  is  more  firm  than  that  of  (a)^  and 
more  siliceous.  It  also  embraces  a  different  rock  in  irregular 
masses.  There  is  a  similar  trench  extending  beyond  the  shaft  in 
the  direction  of  this  vein,  and  even  across  the  axis  of  the  peninsula, 
though  this  is  interrupted.  Two  similar  heavy  spar  veins  appear 
on  the  coast  on  the  opposite  side  of  the  peninsula  in  Pigeon  bay, 
which  are  without  much  doubt  in  the  extension  of  these  veins, 
though  their  direction  is  not  exactly  the  same. 

The  tests  that  have  been  made  of  these  heavy  spar  veins  have 
been  insufficient,  and  especially  so  by  the  fact  that  the  shaft  sunk 
by  the  owners  did  not  open  vein  (h)  at  all. 

The  White  Rose  vein,  known  also  as  the  Kindred  vein,  is  about 
li  miles  north  of  the  international  boundary,  at  the  east  end  of 
the  first  lake  west  of  Mountain  lake.  On  this  have  been  sunk 
several  shafts.  Eindred^s  shaft  is  87  feet  deep,  and  the  gangue 
minerals  are  calcite  and  quartz,  the  greater  portion  being  calcite. 
These  are  mixed  in  irregular  small  veins  and  meshes  through  the 
quartzyte  and  slate  of  the  country;  the  "vein"  consisting  of  a 
brecciated  and  re-cemented  fracture  through  the  formation,  and 
the  cement  being  the  minerals  above,  accompanied  by  galenite, 
native  silver  and  pyrite.  There  is  also  in  the  calcite  alongside  of 
the  blacker  parts  of  the  slate  a  copper-cglored  mineral  in  small 
hexagonal  plates.  It  is  brittle,  and  is  said  to  fuse  easily  to  a  brittle 
globule.  The  best  assay  from  this  shaft  is  said  to  have  got  $1,100 
per  ton,  but  the  ore  has  not  been  assayed  by  the  survey. 

Baker^s  shaft,  which  is  on  the  same  lead,  about  half  a  mile  fur- 
ther west,  is  26  feet  deep.  The  vein  here  is  conspicuously  exposed 
on  the  face  of  a  low  bluff,  facing  SW.  and  is  about  9  feet  wide,  with 
a  ^^  pay  streak'^  increasing  from  six  inches  at  the  top  to  about  2ifb. 
at  the  bottom.  The  shaft  goes  partly  in  the  slate,  and  then  crosses 
the  vein,  which  "  hades''  to  the  northeast.  There  is  trap  on  the  . 
north  side  and  slate  on  the  south  side,  and  trap  rock  is  somewhat 
mixed  with  the  vein  also.  The  same  minerals  appear  here  as 
already  named  for  the  Kindred  shaft.  The  best  assay  is  said  to  have 
^▼en  $272  per  ton;  $16,60  per  ton  being  got  from  poor  quartz  on 
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the  north  side  of  the  vein,  in  which  no  ore  could  be  seen  with  the 
naked  eye. 

The  vein  itself  goes  generally  along  the  line  of  contact  of  slate 
(south  side)  with  trap,  but  sometimes  is  wholly  within  the  slate, 
and  sometimes  partly  within  the  trap.  The  fracture,  which  seems 
to  have  been  of  the  date  of  some  subsequent  igneous  upheaval  (as 
shown  by  the  veined  condition  of  the  trap  of  the  country),  branched 
off,  and  also  went  somewhat  zigzag  in  some  places.  It  crones 
Arrow  lake,  and  can  be  seen  on  the  other  side  aa  a  conspicuoos 
white  belt  on  the  bluffs,  on  that  side  crossing  the  slate  and  trap. 
In  some  places  it  is  mostly  of  quartz,  and  there  stands  out  above 
the  surface. 

On  this  vein  are  different  parties  located  somewhat  in  the  follow- 
ing order  viz: 

(a)  West  of  the  Kindred  Brothers'  location. 

1.  J.  H.  Baker,  associated  with  Munger,  Swan  and  others. 

2.  An  eastern  company. 

3.  Stewart,  Sabin>  Graves,  Herman,  Markell,  Burg,  Lightbody 
and  Caldwell. 

4.  Geo,  C.  Stone  &  Co.,  Johnson,  McKinley  &  McGuire, 

Dr.  Smith  and Egan  are  also  interested  in  some  of  these 

locations. 

(b)  East  of  the  Kindred  Brothers'  location. 

1.  Hamilton,  Sabin. 

2.  Dr.  Stewart,  McPherson. 

3.  Markell. 

4.  Col.  Graves,  Van  Brunt 

5.  Lightbody. 

6.  Caldwell. 

William  P.  Spalding  has  a  mining  location  on  •the  south  side 
of  lake  Miranda,  which  is  a  narrow  long  lake  next  north  of  lake 
Fanny,  and  on  Sec.  6,  T.  64,  2  E.  This  vein  is  strong,  but  not 
well  defined.  His  work  consists  of  several  shallow  pits  for  the 
purpose  of  ascertaining  more  definitely  the  position,  direction  and 
dip  of  the  vein.  What  can  be  seen  of  it  consists  largely  of  breccia 
of  trap,  or  of  quartzyte  recemented  with  quartz,  in  small,  often 
drusy  crystals.  It  is  six  or  eight  feet  wide,  and  occurs,  like  others, 
along  the  north  side  of  a  quartzyte  mono-clinal,  and  is  largely  hid 
by  the  talus  materials.  Mr.  Spalding  says  he  has  taken  out  several 
pieces  of  native  silver,  but  none  was  s€|£^uwihA..fragments  thrown 
out. 

On  the  other  slope  of  this  mono-clinal,  south  of  the  above,  is 
another  frackire,  which  seems  likewise  to  have  taken  the  nature  of 
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a  vein.  Some  working  on  this  slope  disclosed  the  existence  of  the 
fracture,  and  large  float  pieces  of  vein  material  indicate  the  contents, 
but  the  work  had  not  gone  far  enough  to  precisely  define  its  loca- 
tion and  extent. 

Mr.  Spalding's  ''Ancient  Diggings,^'  so-called,  consist  of  a  series 
of  depressions  running  along  the  supposed  position  of  the  first  vein 
above  mentioned,  so  as  to  make  in  some  places  a  continuous  trench. 
In  some  parts  there  are  two  ridges,  with  an  irregular  depression 
between  them  somewhat  seini-lunar  so  that  it  unites  again  with 
the  main  depression.  One  of  these  ridges,  that  nearest  lake 
Miranda,  consists  of  clay  and  angular  pieces  of  quartzyte;  like 
talus  debris^  largely  decomposed,  but  the  other  is  of  angular  blocks, 
and  Mr.  Spalding  says  contains  vein  material,  as  if  thrown  out  of 
the  depression  in  excavating  on  the  vein.  These  depressions  show 
some  openings  within,  between  large  boulders,  and  nearly  large 
enough  to  admit  a  man,  and  after  clearing  out  a  little  one  was  fol- 
lowed downward  some  feet.  As  yet  no  ancient  hammers  or  imple- 
ments of  any  kind  have  been  found  in  the  vicinity. 

As  to  the  cause  of  the  depressions  and  parallel  ridges,  there  may 
be  three  different  explanations.    Sufficient  data  are  not  at  hand  for  . 
affirming  either. 

First.  They  may  be  due  to  ancient  mining,  as  supposed  by  the 
owner,  though  the  non-discovery  of  hammers  is  necessary  for  the 
demonstration  of  this  hypothesis.  It  is  also  true  that  the  ancient 
mining  hitherto  discovered  in  the  Lake  Superior  regions  has  been 
wholly  for  native  copper,  of  which  implements  have  been  found 
in  ancient  works  as  far  south  as  the  state  of  Georgia,  but  so  far  as 
known,  no  silver  implements  have  been  found  having  so  old  a  date; 
and  the  ancients  seem  to  have  had  no  knowledge  of  any  process  for 
reducing  the  ores,  the  silver  in  this  formation  occurring  mainly  as 
argentiferous  galena. 

Second — The  depressions  may  be  due  to  the  solution  and  removal 
of  the  contents  of  a  large  vein  under  natural  processes,  and  the 
consequent  settling  of  the  surface.  When  two  depressions  run 
nearly  parallel  in  that  case,  the  vein  may  branch  out  and  become 
double^  uniting  again  when  the  depressions  unite.  Then,  also, 
the  upper  ridge,  neared  the  bluff,  would  naturally  contain 
coarser  peices  than  that  nearer  the  lake,  which  is  true.  •  Veins  are 
thus  dissolved  sometimes,  and  sunken  in  for  some  distance,  as  the 
large  baryta  vein  on  Pigeon  Point.  This  cause,  if  true,  indicates  a 
strong  vein,  and  one  that,  with  the  quartz  now  remaining  as  the  sole 
matter  undissolved,  must  be  charged  with  soluble  minerals,  and 
perhaps  with  very  valuable  ores.    Deep  shafting  alone  vrill  deter- 
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mine  it.  So  far  as  exposed,  however,  the  quartz  remaining  now 
nndissolved  is  suflBcient  to  form  a  firm  frame-work,  capable  of  sup- 
porting the  overlying  materials  so  as  to  prevent  such  a  collapse  of 
the  surface  as  here  supposed. 

Third — These  ridges  may  be  of  the  nature  of  ice  ridges  or  mo- 
raines. There  are  a  great  many  instances  of  ridges  thrown  up  by 
the  ice  of  lakes  through  alternate  freezing  and  thawing  both  in 
Minnesota  and  Iowa,  and  sometimes  such  have  received  the  name 
of  "walled  lakes.''  But  aside  fixjm  this,  the  ice  of  the  last  ice 
period  may  have  lain  for  a  long  time  prior  to  its  final  disappearing, 
in  the  rocky  valleys  of  the  northern  part  of  the  State,  as  suggested 
by  Mr.  John  Lightbody.  Its  eflFect,  along  a  rocky  bluft,  would  be 
to  form  low,  blind  ridges  of  debris  or  morainic  material,  which 
would  remain  more  or  less  distinct  to  the  present  under  favorable 
conditions.  In  that  case  the  coarser  nature  of  the  ridge  nearer  the 
bluff  would  be  due  to  the  fallen  pieces  from  the  bluff  itself,  while 
the  clay  of  the  ridge  nearer  the  lake  may  have  been  due  to  drain- 
age in  that  direction  and  to  the  crushing  action  of  tlie  ice  in  times 
of  expansion.  The  level  of  the  ice  would  remain  nearly  constant 
under  the  same  causes  which  now  keep  the  level  of  the  wat^ 
nearly  constant. 

These  considerations  are  here  mentioned,  as  there  seems  to  be  a 
tendency  at  other  places  in  the  northern  part  of  the  State  te  attri- 
bute such  phenomena  to  ancient  mining,  perhaps  without  sufficient 
reason. 

John  McFarland's  location  is  on  Sees.  9  and  10  T.  64  N.  R.  3  E. 
He  has  two  veins,  and  one  place  thought  to  be  a  site  of  ancient 
mining,  in  all  respects  similar  to  that  of  Mr.  Spalding,  except  that 
this  series  of  ridges  and  depressions  is  not  near  any  lake  at  present, 
but  alongside  a  bluff  enclosed  in  a  valley.  If  a  vein  should  be  dis- 
covered at  this  locality,  then  Mr.  McFarland  has  three  distinct  veins 
situated  on  different  sides  of  a  mono-chinal  hill,  viz.:  one  on  the 
north  side,  one  on  the  south  side  and  one  on  the  east  side,  the  last 
beinfi:  that  in  which  are  the  supposed  ancient  diggings.  These  are 
all  close  together,  and  the  east  and  west  veins  are  all  well  marked, 
running  also  across  the  adjoining  valleys  and  appearing  in  the 
next  hills.  They  are  outwardly  of  quartz  and  brecciatedquartzyte, 
and  occupy  faults  between  the  slate  and  the  trap  of  the  country. 
Mr.  McFarland  has  done  no  work  on  his  veins,  but  is  occupied  in 
farming  and  fur-catching. 

Johnson^s  working  is  on  a  vein  situated,  as  nearly  as  could  be 
ascertained,  on  SE  i,  Sec.  32,  T.  65,  3  E.  This  is  also  on  the  south 
slope  of  a  hill,  but  has  trap  on  the  north  side  and  slate  on  the 
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south  side,  being  really  in  a  fault  like  the  rest ;  but  the  slate  is  here 
brought  up  like  the  south  vein  at  Spalding^s,  on  a  line  nearly  par- 
allel with  the  upper  surface  of  the  trap.  This  vein  shows  mainly 
calcite,  but  has  also  quartz  pyrite,  galenite,  and  native  silver.  These 
can  be  seen  in  the  dump  near  the  shaft.  There  is  also,  as  in  nearly 
all  the  other  veins  seen,  a  large  amount  of  brecciatedquartzyte  and 
siliceous  slate.  This  is  here  mainly  on  the  south  side  of  the  vein, 
while  the  north  side  is  in  a  similar  manner  filled  with  breccia  of 
trap.  This  appears  to  be  a  strong  vein,  and  one  that  promises  well. 
McFarland,  Rice  and  Ramsey  have  a  very  conspicuous  and  strong 
vein  near  the  shore  of  Pine  Lake,  on  S.  E.  quarter  sec.  31,  T.  65  N., 
R.  1  E.  This  has  not  been  worked,  but  slightly  uncovered  in  two 
places.  It  has  an  irregular  direction,  width  and  appearance,  large 
white  masses  of  calcite  and  quartz  lying  about  promiscuously,  ap- 
parently in  place,  over  a  width  of  several  rods  north  and  south. 
Where  it  has  been  uncovered  it  is  also  mixed  with  a  breccia  of 
quartzyte,  and  has  a  width  of  ten  or  twelve  feet.  It  seems  to  have 
trap  on  the  north  side,  but  it  is  not  well  exposed.  A  trap  bluff 
rises  abruptly  toward  the  northwest,  facing  east  and  south,  and  the 
vein  is  in  a  lower  level,  having  a  zigzag  course,  governed,  appar- 
ently, in  direction  and  deflected  by  that  upheaved  trap  and  slate 
along  its  western  extent,  so  far  as  it  is  visible;  but  further  east  it 
has  a  more  uniform  course  in  consonance  with  the  general  trend  of 
the  hills,  yet  this,  like  Spalding^s  second  and  one  of  McFarland^ 
is  on  the  southward  slope  of  the  main  hillside.  The  calcite  and 
quartz,  not  mentioning  the  breccia,  are  the  most  abundant  gangue- 
rock.  The  ores  are  pyrites  (said  to  be  auriferous)  galenite,  sphal- 
erite and  chalcopyrite.  These,  with  the  exception  of  the  galenite, 
can  be  made  out  in  examining  the  pieces  in  the  dump.  This  seems 
to  be  as  strong  and  promising  a  vein  as  the  White  Rose,  near 
Arrow  Lake. 

IBON. 

The  gray  quartzyte  and  slate,  which  is  particularly  known  as 
the  silver-bearing  formation,  and  contains  the  foregoing  silver  veins 
and  mining  works,  graduates  below  into  a  siliceous  iron-charged 
rock,  which  in  some  places  furnishes  a  valuable  iron  ore  in  large 
quantities.  The  silica  is  often  colored  so  as  to  make  jasper,  flint, 
chalcedony,  and  other  parti-colored  pebbles  when  the  formation 
disintegrates.  These  gave  name  to  Gun  flint  Lake,  on  the  interna- 
tional boundary,  the  beach  of  which  is  strewn  with  them.  There 
are  abo  ^^dolomitic^^  bands,  and  these  sometimes  contain  angular 
pieces  of  jasper  and  flint,  associated  with  the  same  beds  in  some 
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manner  not  yet  made  out.  What  may  be  the  thickness  of  this  bed 
of  iron  ore  rocks  has  not  been  ascertained.  They  soem  to  be  con- 
formable both  with  the  overlyin^j  quartzyte,  and  with  the  underly- 
ing schists  and  slates,  but  this  may  not  generally  be  the  case. 
There  are  various  places  at  which  this  belt  of  iron  ore  is  known, 
but  the  most  important  is  that  known  as  the  ^^Mesabi  Iron  Range,^^ 
situated  in  towns  59  and  60  N.  of  range  14  W.  The  range  itself 
probably  extends  a  great  many  miles,  maintaining  its  ferriferous 
character,  and  covers  other  known  locations.  Some  working  has 
been  done  also  back  of  Orand  Marais,  and  some  near  Vermillion 
Lake, 

The  iron  in  towns  59  and  60,  range  14,  has  attracted  the  most 
attention,  probably  because  of  a  costly  exploration  made  there  a 
few  years  since  by  parties  from  Pottsville,  Penn.  The  ownership 
of  the  locations  that  were  examined  becoming  involved  in  litigation 
nothing  practical  has  resulted  publicly  from  the  examinations.  The 
information  obtained  belongs  to  private  parties.  Samples  of  this  ore 
are  being  examined  chemically  by  the  survey.  According  to  published 
analyses  the  ore  varies  in  metallic  iron  from  61  to  66  per  cent.,  being 
mainly  in  the  form-  of  magnetic  oxide.  Its  chief  impurity  is 
silica,  from  5  to  10  per  cent.  It  has  &om  2  to  3  per  cent,  of  lime, 
and  from  a  half  of  1  per  cent,  to  1^^  per  cent,  of  magnesia.  Man- 
ganese op[ide  varies  from  about  one-half  of  1  per  cent,  to  1.3  per 
cent.  No  sulphur  has  been  detected  in  it,  and  but  a  trace  (less 
than  one-fourth  of  1  per  cent.)  of  phosphoric  acid.  Alumina  varies 
from  one-fourth  of  1  per  cent,  to  over  one-half  of  1  per  cent. 

The  following  is  an  analysis  by  Prof.  Campbell,  of  the  School  of 
Mines,  of  New  York: 

Magnetic  oxide  of  iron 86.862 

Oxide  of  manganese 1.313 

SUica ' 9.980 

Lime 2.046 

Magnesia 1.299 

Alumina 633 

Total 102.133 
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The  following  was  made  by  Prof.  E.  R.  Taylor,  of  the  Cleveland 
Laboratory  of  Analytical  Chemistry,  Cleveland,  0.: 

Insoluble  siliceous  matter 4.06 

Iron  as  metal 65.62 

Iron  protoxide 23.34 

Sulphtiric  add None. 

Phosphoric  acid 18 

lime 3.15 

Magnesia 50 

Manganese  oxide 64 

Alumina 35 

Total 97.84 

The  ore  resembles  those  of  Scandinavia  and  Russia,  as  well  as  the 
magnetic  ores  of  northern  Michigan,  and  the  geological  age  is  the 
same,  in  general  terms.  For  making  steel  these  ores  excel,  and  iron 
from  the  Scandinavian  furnaces  is  imported  into  England  for  the 
manufacture  of  steel.  It  is  highly  probable  that  these  iron  deposits 
will  not  lie  long  undeveloped.  They  are  in  the  midst  of  hardwood 
timber  sufficient  for  producing  the  necessary  charcoal,  and  the  sur- 
rounding country  is  generally  fit  for  prosperous  farming.  They 
are  easily  accessible  by  the  construction  of  roads  either  from  Thom- 
son, Duluth  or  Beaver  Bay.  From  Thomson  the  distance  is  about 
65  miles,  from  Duluth  due  north  about  55  miles,  and  from  Beaver 
Bay  about  45  miles. 

GOLD; 

The  region  of  Vermilion  Lake  has  been  known  for  some  years  as 
a  gold-bearing  region.  This  was  fully  brought  out  by  the  reports 
of  H.  H.  Eames  in  1866.  At  that  time  a  flush  of  feverish  excite- 
ment led  to  the  expenditure  of  considerable  money  in  sinking:  shafts 
and  erecting  works  for  mining.  Three  steam  stamp  mills  were 
erected,  another  running  by  water  power.  One  was  owned  by  the 
New  York  Mining  Company,  whose  location  was  near  the  "Mis- 
sion" on  the  south  shore,  another  by  Nobles  &  Company,  further 
northwest,  and  another  by  Seymour  &  Company.  The  water  power 
mill  was  owned  by  the  Wabasha  Company,  and  was  located  about 
two  miles  from  Vermilion  Lake,  at  Trout  Lake.  Eight  or  ten  min- 
ing companies  were  at  work  simultaneously  in  different  parts, 
mainly  on  the  southern  shores,  or  on  islands.  A  town  site  was  laid 
ont  at  the  southern  extremity  of  the  Lake,  several  large  buildings 
put  up,  and  stated  communication  made  with  Duluth.  The  village 
^ras  named  Winston.    Above  the  village,  at  Pickerel  Falls,  a  lum- 
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ber  mill  was  projected,  and  the  foundations  laid.  These  thing» 
have  all  passed  away.  There  is  not  a  building  at  Winston.  Two 
of  the  steam  boilers  were  hauled  back  to  Duluth,  where  they  are 
still  in  use;  the  mills  have  been  burnt,  as  well  as  most  of  the  build* 
ings  put  up  by  the  mining  companies,  the  shafts,  generally  filled 
with  water,  are  abandoned,  and  there  is  but  a  single  white  man  (a 
government  officer)  to  be  found  in  the  whole  district. 

The  gold  occurs  with  pyrites,  some  of  which  appears  to  be 
cupriferous.  This  pyrites  is  found  in  milky  white  quartz  which 
accompanies  the  joints  of  the  rock,  and  also  is  disseminated 
through  the  rock  itself.  The  most  of  the  working  was  done  on 
quartz  deposits,  but  that  of  Nobles  &  Company  embraced  also  a 
large  amount  of  the  rock  itself.  The  rock  of  the  region  is  of  the 
Huronian  age,  and  follows  immediately  below  the  ferriferous  for- 
mation last  described.  It  is  mainly  a  talcose  slate,  but  varies  to  an 
argillaceous  talcose  slate  and  to  a  talcose  quartzyte.  It  also  passes 
into  what  may  be  styled  provisionally  a  syenite.  The  schistose 
structure  runs  a  little  north  of  west,  and  stands  almost  perpendic- 
ular. Samples  of  this  quartz  ore  yielded  on  an  average  about 
twenty-five  dollars  per  ton,  according  to  assays  reported  by  Mr. 
Eames.  Samples  of  the  ores  of  this  region  have  been  collected  by 
the  survey,  as  well  as  of  all  other  mining  locations  mentioned,  and 
in  time  thep  will  receive  analysis  and  further  report. 

THE  KEEDS  OF  THE  NORTH  SHORE. 

First — During  the  season  all  parties  connected  with  the  survey 
have  had  occasion  to  note  the  frequent  and  wanton  destruction  of 
the  native  forests  by  fire  which  rages  annually  and  destructively. 
There  is  nothing  so  utterly  ruined  and  desolate  as  a  country  lately 
burnt  over.  The  soil  itself,  consisting  very  largely  of  vegetable 
mold,  is  burnt  to  considerable  depth,  or  quite  to  the  rock.  Thou- 
sands of  acres  of  the  finest  forest  timber,  includins^  large  pine 
trees,  are  thus  destroyed  every  year.  It  is  estimated  that  annually 
ten  times  as  much  pine  is  thus  destroyed  in  the  State  as  is  cut  by 
all  the  mills.  A  large  part  of  the  triangle  north  of  Lake  Superior 
has  thus  been  devastated.  Some  sheltered  tracts  have  escaped. 
The  State  has  lost  in  this  way  more  than  as  much  pine  as  now 
remains,  and  will  at  no  very  distant  day  awake  to  the  fact  of  hav- 
ing lost  by  neglect,  and  willful  or  careless  destruction,  one  of  her 
chief  resources.  These  fires  are  set  generally  by  travelers  or  explor- 
ers. The  Indians  remonstrate,  and  are  generally  careful  about 
their  camp-fires  in  the  dry  season,  well  knowing  the  eflFect  fire  has 

the  game  that  furnishes  their  chief  sustenance. 
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The  scattered  white  inhabitants  are  too  few  to  effect  anything  in 
stopping  these  fires,  except  in  the  preservation  of  their  immediate 
surroundings,  and  they  also  complain  that  the  country  is  thus  being 
rapidly  desolated.  It  rests  with  the  State  Legislature  to  take  some 
action  to  punish  those  who  wantonly  or  carelessly  set  the  forests 
on  fire,  similar  to  that  to  punish  those  who  fire  the  prairies.  If 
concerted  action  were  taken  by  the  State  and  the  Canadian  author- 
ities it  would  be  more  effectual,  since  fires  originate  on  both  sides 
of  the  boundary  line. 

Second — ^There  should  be  some  improved  harbor  on  the  north 
shore  for  refuge  for  vessels  in  time  of  storms,  although  there  may 
not  be  commerce  to  demand  it  at  any  one  locality.  At  the  present 
time  there  is  no  lighted  harbor  for  vessels  between  Duluth  and 
Thunder  Bay  in  Canadian  Territory,  and  between  these  points 
there  is  a  great  deal  of  travel.  The  establishment  of  a  single  good 
harbor  would  at  once  attract  travel,  trade  and  settlement,  and 
would  tend  to  the  development  of  some  of  the  mineral  interests 
that  now  lie  dormuit  largely  because  so  inaccessible. 

Third — ^There  is  a  wrong  opinion  prevalent  regarding  the  agri- 
cultural character  of  the  northeastern  part  of  the  State.  It  is  pro- 
nounced by  some  who  have  not  seen  it,  as  mountainous,  sterile  and 
untillable.  These  terms  apply  to  but  a  small  portion  of  it,  viz.:  a 
belt  from  one  to  four  miles  wide  along  the  shore  of  Lake  Superior, 
and  a  tract  of  unknown  area  in  the  extreme  northeastern  corner, 
and  along  the  boundary  line  westward  to  Vermilion  Lake  and  the 
west  end  of  Hunter's  Island.  In  these  parts  the  rock  of  the  coun- 
try is  perhaps  the  most  conspicuous  feature.  But  south  of  the 
Mesabi  range,  and  particularly  in  the  St.  Louis  valley,  the  country 
is  generally  flat,  the  streams  are  slow  and  broad,  the  soil  a  loam  or 
a  sandy  loam,  or  a  stony  clay,  and  equal  in  all  respects,  except  in 
being  farther  north,  to  thousands  of  acres  that  have  been  cleared 
and  converted  into  valuable  farms  in  the  states  of  Michigan  and 
Wisconsin.  When  it  is  remembered  that  more  than  a  hundred 
miles  further  north,  in  Canada,  railroads,  canals  and  settlement  are 
rapidly  being  introduced,  and  that  still  furth^  north  and  west,  be- 
yond the  ameliorating  action  of  the  water  of  Lake  Superior,  is 
thought  to  be  one  of  the  great  wheat  fields  of  the  Continent,  it  is 
plain  that  there  is  nothing  to  prevent  the  final  occupancy  and  de- 
yelopment  of  northeastern  Minnesota  as  an  agricultural  dbtrict. 
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III. 

FIELD  REPORT  OF  C.  W.  HALL. 


Frof,  N,  H.  Winchell,  State  Otologist : 

Sm— In  accordance  with  the  plan  arram^  by  you  for  the  proeecation  of  the 
State  Oeological  Survey  during  the  past  autumn,  the  Lake  Superior  section  of 
the  geolofacal  corps  reached  Grand  Marais  August  30.  The  work  of  this  section 
was  to  be  the  exploration,  so  far  as  practicable,  of  the  rivers  emptying  into  Lake 
Superior,  from  the  lake  shore  to  their  headwaters;  and  the  ascent  of  some  of  the 
more  prominent  peaks  of  that  continuons  chain  of  low  mountains  skirting  the 
northeast  shore.  The  chief  object  of  this  work  was  to  trace  out  the  rock  forma- 
tions, so  far  as  the  river  beds  and  the  bluffs  would  show  them,  and  to  articulate 
the  same  up<m  those  already  traced  along  the  coast  of  the  lake  durhig  the  sum- 
mer months;  or  to  indicate  the  direction  of  the  latter  as  they  extend  onward 
into  the  interior  of  the  State. 

As  a  canoe  and  provisions  for  the  expeditions  to  be  made  from  Grand  Marais 
along  the  lake  shore  and  into  the  interior  had  to  be  procured,  and  an  Indian 
hired  to  serve  as  a  packer  and  guide,  one  or  two  days  time  was  consumed  in 
preparation.  And  then,  ailer  all  was  ready,  the  condition  of  the  lake  prevented 
our  startmg.  While  waiting  for  heavy  northwest  winds  to  subside  the  hill 
back  of  Grand  Marais  was  ascended,  its  hight  measured  and  search  made  for 
out-crops  of  rock  that  would  give  some  clue  to  the  lithological  character  of  the 
elevation.  In  measuring  the  height  accurate  results  were  not  expected,  since  one 
series  of  observations  made  with  an  Aneroid  barometer,  and  extending  throogfa 
a  whole  day  can  be  no  more  than  an  approximation  to  accuracy.  The  height  <^ 
the  hill  as  determined  was  775  feet.  Two  or  three  interesting  exposures  of 
igneous  rocks  were  found,  evidently  as  broad  dikes  or  oyerflows,  and  some  water 
from  a  * 'caribou  lick''  on  the  south  side  of  the  hill,  was  collected. 

After  a  rainy  and  rough  passage  we  reached  Indian  River  the  seventh  of  Sep- 
tember. An  examination  of  this  stream,  which  forms  a  part  of  the  boundary 
between  the  Grand  Portage  Indian  Reservation  and  the  unsurveyed  lands  lying 
in  the  northwestern  part  of  the  State,  was  to  be  our  first  work.  The  nver  is  so 
rapid  throughout  its  entire  length  that  there  is  no  canoeing  until  the  lakes  in 
which  it  has  its  source  are  reached,  and  there  is  not  even  a  fisherman's  trail 
along  its  banks.  Fortunately  in  the  upper  part  of  its  course  the  stream  flows 
through  a  more  level  country,  intersected  by  numerous  caribou  trails;  otherwise 
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it  would  have  been  almost  impossible  for  the  i>ackers  to  have  made  their  way. 
When  there  were  no  trails  to  follow  not  more  than  three  or  four  miles  could^be 
made  in  a  daj.  In  this  heavily  wooded  country  of  the  Lake  Superior  region  the 
dense  underf^wth  and  the  windfalls  are  mudi  greater  obstructions  along  the 
river  courses  than  away  from  them.  When  on  the  height  of  land  to  the  east  of 
the  the  riva-,  we  struck  the  sugar  bush  of  the  Grand  Portage  Indians,  and  fol- 
lowed their  trail  along  the  ridge  to  Grand  Portage.  At  this  place  an  Indian  was 
hired  to  take  the  parfcy  to  their  late  camp  in  hjis  canoe. 

A  thick  stratum  of  drift  overlies  nearly  the  whole  region  drained  by  the  Indian 
river.  Along  its  course  are  many  banks  of  that  red  drift  clay  so  frequently  met 
with  in  the  northeastern  part  of  the  State. 

The  next  expedition  was  up  the  small  stream  called  by  Dr.  Norwood  in 
Owens'  report,  Flute  Reed  river.  Being  nearly  out  of  provisions  one  of  the 
men,  a  hsdf-breed  Indian  named  Antoine,  was  sent  to  Graiid  Marais  for  fresh 
supplies,  while  the  remaining  two  made  a  two  days'  trip  up  the  river.  The  pro- 
gress made  here  was  quite  satisfactory  since  the  timber  for  nearly  the  whole 
distance  traveled  had  been  burned  only  two  seasons  before.  Antoine  was  taken 
flick  at  Grand  Marais  and  was  unable  to  return.  As  Mr.  Mayhew  sent  another 
in  his  stead  but  little  loss  ot  time  was  occasioned  thereby. 

A  creek  emptying  into  the  lake  in  the  S.  E.  U  Sec.  2,  T.  61,  R.  2,  E.  4th  Mer. 
shows  some  very  beautiful  features.  The  gorge  which  the  water  has  worn 
through  the  jointed  shaJy  rock  is  one  of  the  grandest  of  the  many  grand  works 
of  nature  between  Duluth  and  Pigeon  toint.  Its  depth  often  exceeds  one  hun- 
dred feet  and  the  walls  are  occasionally  so  near— in  two  or  three  places  from 
four  to  eight  feet— that  fallen  trees  form  foot  bridges  from  one  side  of  the 
stream  to  the  other.  Several  domes  seventy-five  or  eighty  feet  high  are  worn  in 
the  walls.  The  bottom  of  the  gorge  is  dark  and  gloomy  for  the  sunlight  never 
enters  except  here  and  there  in  straggling  rays.  Toward  the  headwaters  of  this 
stream  and  overlooking  a  beautiful  lake  is  the  sugar  bush  of  Timote  Sunamo. 
At  a  distance  it  looked  as  if  outcrops  of  rock  could  be  found  there.  A  day  was 
spent  in  making  an  excursion  to  the  place.  The  summit  ot  the  hill  by  the  old 
sugar  camp  was  1,240  feet  above  Lake  Superior.  No  rock  was  found  except 
drift  boulders  and  these  occurred  to  the  very  summit. 

Kimbairs  creek  came  next  in  order  for  examination.  Owing  to  the  character 
of  the  rock — it  was  identical  with  that  found  along  the  stream  last  visited— and 
the  shortness  and  smallness  of  the  stream,  oidy  one  day  was  devoted  to  the 
work. 

Thus  having  made  a  hasty  examination  of  nearly  all  the  streams  from  Pigeon 
Point  to  the  Brule  river  we  started  for  Grand  Marais  that  we  might  there  make 
preparations  for  the  ascent  and  examination  of  that  stream.  This  would  neces- 
sitate an  expedition  of  at  least  four  week's  duration  into  the  interior.  But  a 
severe  storm,  which  made  the  trip  to  Grand  Marais  in  our  canoe  a  somewhat 
dangerous  one,  continued  with  drenching  rains  for  more  than  a  week.  When 
the  weather  was  again  fair,  not  only  had  much  valuable  time  passed  by,  but 
the  river  was  rushing  down  to  the  lake  in  a  torrent  and  the  swamps  were  fiiU 
and  almost  impassable.  Accordingly  it  was  thought  best  to  abandon  the  idea  of 
ascending  the  Brule  the  present  season,  and,  instead,  examine  some  of  the 
smaller,  shorter  streams  and  a  country  freer  from  swamps.  Rosebush  river,  a 
small  stream  in  whose  bed,  one  and  one-half  miles  from  the  lake  shore,  is  an 
abandoned  copper  mine*  receceived>  second  visit,  the  first  having  been  made  in 

♦This  mine  lies  In  the  N.  E.  f4  of  N.  W.  )4,  Sec.  24,  T.  61,  R.  l  W. 
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the  summer  by  the  State  Geologist  and  his  i>ajt7  accompanied  by  Profeaeor 
Peckham  and  Mr.  H.  Mayhew. 

Good  Harbor  Bay  also  received  a  call.  This  is  one  of  the  most  interesting: 
localities  for  the  student  of  geology  that  the  whole  Northwest  shore  affords. 
Around  the  point  to  the  west  of  the  bay  occur  the  beautiftd  thomsonites  thiddy 
studding  the  upper  strata  of  a  bed  of  apparently  igneous  rock ;  while  along  the 
shore  of  the  bay  a  bed  one  hundred  or  more  feet  in  thickness  of  nearly  horizontal 
sandstone  hes  sandwiched  in  between  the  thomsonite-bearing  rock  just  men- 
tioned and  another  igneous  rock  underneath.  Many  minerals  occur  in  ihe  ser- 
eral  beds  for  the  most  part  in  a  concretionary  form.  The  distance  of  this  locality 
from  Grand  Marvis  is  only  five  or  six  miles. 

The  last  expedition  made  from  Grand  Marais  dunng  the  season  was  for  an 
examination  of  the  shore  line  some  miles  to  the  eastward  of  that  place  and  the 
ascent  of  the  Devil's  Track  River  to  the  head  of  Devil's  Lake.  As  a  preliminary 
step  our  canvas  canoe  and  a  supply  of  provisions  were  packed  into  the  interior  to 
a  point  on  the  river  about  two  miles  below  the  foot  of  the  lake.  We  started 
from  Grand  Marais  on  the  eighteenth  of  October.  Although  the  results  attained 
along  the  coast  were  all  that  could  be  d«siied  the  expedition  as  a  whole  was  not 
entirely  satisfactory.  The  water  in  the  river  was  so  high  that  the  ascent  could 
be  made  only  by  following  along  the  sunmiit  of  the  bluffs.  On  Devil's  Lake 
our  canvas  canoe  was  used  for  the  first  time.  It  was  found  harder  to  row  and  at 
the  same  time  not  so  swift  as  a  birch  bark  canoe.  But  the  fact  that  it  is  light 
and  can  be  folded  and  packed  through  almost  any  port  of  the  forest  renders  it 
peculiarly  adapted  to  our  work.  The  canoe  we  had  was  hastily  made  and  deliv- 
ered to  us  in  a  very  unsatisfactory  condition,  and  much  time  and  labor  were  re- 
quired to  make  it  in  the  least  serviceable ;  still  that  is  no  argument  against  a 
light,  strong  and  ircll  made  canoe.  Having  finished  our  work  on  the  morning 
of  Friday,  the  twenty- fifth  day  of  October,  in  the  midst  of  a  blinding  snow 
storm,  we  struck  camp  and  started  for  Grand  Marais.  We  had  gone  scarcely 
more  than  two  miles  before  we  were  met  by  a  messenger  sent  by  Mr.  Mayhew 
announcing  the  glad  news  that  on  the  following  day  the  schooner  Beaver  B<nf 
Charley  would  touch  at  Grand  Marais  on  her  way  from  Grand  Portage  to  tiie 
head  of  the  lake.  This  word  hastened  our  steps ;  we  reached  the  lake,  placed 
everything  in  readmess,  but  the  vessel  never  came ;  only  the  dreary  prospect  lay 
before  us  of  a  voyage  in  an  open  boat  over  the  more  than  one  hundred  mUes 
stretching  between  us  and  Duluth.  The  task  was  undertaken  and  ended  after 
five  days  exposure  to  cold  and  danger — for  it  was  the  week  of  disasters  on  the 
lakes — by  our  being  taken  up  at  Beaver  Bay  by  the  tug  Nellie  Cotton  and  brought 
to  Duluth,  which  place  wo  reached  November  2d. 

In  giving  this  account  of  the  work  done,  it  cannot  be  out  of  place  to  mention 
the  obligations  of  the  party  to  the  Mayhew  brothers  and  Mr.  Howenstein,  of 
Grand  Marais,  for  favors  shown  on  every  occasion.  Messrs.  Mayhew  placed  a 
building  at  our  disposal,  in  which  to  lodge  whenever  we  were  in  the  place,  and 
all  spared  no  pains,  and  suffered  no  opportunity  to  pass  by,  for  rendering*  assist- 
ance, particularly  in  giving  knowledge  of  the  country  which  was  the  field  of  oar 
explorations. 

Although  a  whole  season  has  now  been  given  to  the  examination  of  the  Lake 
Superior  region,  as  yet  the  work  is  hardly  begun.  I  would  suggest  that  all  t^e 
time  possible  from  the  limited  amount  at  the  disposal  of  the  survey,  be  given  to 
this  part  of  the  State.  Facts  may  be  here  gleaned  that  will  have  great  weight 
in  the  determination  of  certain  scientific  questions  of  universal  interest    liy  oon- 
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yiciion  becomes  stronger,  as  the  survej  progresses,  that  the  geological  structare 
of  tills  part  of  the  State  is  more  simple  than  has  generally  been  supposed.  Many 
theories  have  been  pronounced  without  sufficient  foundation  of  fact,  and  their 
multiplicity  serves  only  to  confuse  him  who  would  through  reading  arrive  at  a 
a  clear  understanding  of  the  lithological  and  historical  characters  of  the  Lake 
Superior  rocks. 

Respectfully  submitted, 

C.  W.  HALL. 
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IV. 

ELEVATIONS  ON  THE  MINNESOTA  NORTHERN 

RAILROAD. 


By  J.  B.  CLOUGH,  Chief  Engineer. 


NAME  OP  PLACB. 


Wadena. 

Prairie  soutbwest  of  Wadena 

Bluff  Greek  (surf ace)....  

Bluff  Creek  (grade) 

Bluff  Greek,  west  branch  (surface) 

Bluff  Creek,  west  branch  (Krade). 

General  surface  at  head  of  Bluff  Creek 

Marsh,  head  of  Deer  Creek 

General  surface,  south  line  of  Deer  Creek  twp. . 

Tamarack  Swamp,  head  of  Rock  Creek 

Tamarack  Swamp,  Big  Spring 

Height  of  ridge  \  mile  south  of  TamHc  Swamp, 

spur  of  Lepf  Mt 

Height  of  divide  in  marsh 

Leal  River  bottom 

Leaf  River  grade 

General  surface  of  Pease  Prairie 

Crossing  Bast  Butte  Creek 

Crossing  East  Butte  Creek  grade 

4ummit  grade  (spur  of  Leaf  Mountain) 
ops  of  Leaf  Mountains  in  vicinity,  estimates.. 

South  Butte  Creek  bottom 

South  Butte  Creek  grade 

East  Butte  Lake,  estimates 

Summit  in  gap 

General  surface  estimate 

Lake  Clitherall,  at  Clitherall 

West  Butte  Creek  bottom 

West  Butte  Creek  grade 

Summit,  spur  of  Leaf  Moimtain 

Valley 

Summit,  spur  of  Leaf  Mountain 

Turtle  Lake  surface 

Turtle  Lake  grade 

Summit  between  Turtle  and  Bass  lakes. 

Bass  Lake  surface 

BadB  Lak e  grade 

Summit  grade 

Bed  River  bottom 

Red  River  grade 

Summit 

Surface  of  Red  River  at  Fergus  Falls 

Grade  at  Fergus  Falls 
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Line  of  the  Pelican  River  Valley. 


81 


KAMB  OP  PLACE. 
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CHEMISTRY. 


BEPOBT  OF  PROP.  PECKHAM. 


Prof.N.H.  Winchelh 

My  Deab  Sib: — In  conformi^  with  the  instaiictions  of  the  execative  commit- 
tee* of  the  Board  of  Regents,  I  have  the  honor  to  report  regarding  my  tnp  t«  Lake 
♦See  Appendix  A. 

Superior  as  follows: 

I  was  instructed  to  advertise  the  intended  action  of  the  Board  in  sending  ms 
there  in  Duluth  and  St.  Paul.  This  advertising  was  done,  and  from  all  that  I 
could  learn  all  persons  likely  to  be  insterested  were  well  informed  in  regard  to  the 
matter. 

I  was  also  instructed  that  *'any  parties  who  will  make  affidavit  that  th^  are 
citizens  of  Minnesota,  and  that  the  ores  are  found  in  Minnesota,  giving  the  local- 
ities where  the  ores  were  found  as  nearly  as  possible,  and  certifying  their  wil- 
lingness that  the  results  may  be  published,  shall  be  charged  one-half  the  *  * 
prices." 

*Tayment  for  assays  may  be  made  in  specimens  of  minerals  or  ores,  at  Prof. 
Packham*s  valuation." 

These  infitructions  were  also  well  advertised  on  the  north  shore,  but  no  assayi 
were  offered  subject  to  these  conditions.  No  ores  or  minerals  were  th&efore 
received  in  part  compensation  for  assay  woi^. 

When  not  employed  in  assaying,  I  made  collections  of  minerals  in  the  neigh- 
borhood and  on  the  coast  above  and  below  Grand  Marais.  Some  of  tiiese  speci- 
mens are  large,  in  fact  too  large  for  exchange,  and  were  gathered  with  the  expec- 
tation that  you  might  want  them  for  the  General  Museum. 

I  also  obtained  by  private  purchase  a  quantity  of  zeolite  pebbles,  that  on 
examination  present  some  features  of  interest.  I  have  thought  that  possibly  yoa 
might  desure  a  chemical  examination  for  the  survey,  and  I  have  therefore  delayed 
a  thorough  examination  until  I  could  lay  the  matter  before  you. 

These  specimens  are  of  considerable  value,  and  I  found  that  the  only  way  in 
which  I  could  secure  a  suite  for  our  cabinet  and  prevent  them  from  going  oat  of 
the  State,  was  to  purchase  the  whole  lot. 

The  specimens  to  which  I  have  referred  above  as  having  been  collected  with  a 
view  to  being  placed  in  the  General  Museum  have  been  opened,  and  are  now 
awaiting  your  inspection  at  the  Agnculhiral  Building.  I  trust  that  you  will 
make  it  convenient  to  look  them  over  soon,  as  they  are  getting  dusty. 

An  early  dedsion  in  reference  to  the  examination  of  the  minerals  purchased, 
will  obUge,  Very  truly  yours, 

S,  F.  PECKHAM. 
Minneapolis,  Nov.  llth,  1878. 
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The  following  results  hare  been  obtained  for  serial  numbers  55,  56  and  57. 
Thej  were  all  three  limestones.  They  were  dissolved  in  dilute  hydrochloric  add 
and  boiled.  The  portion  remaining  insoluble  was  estimated  as  ** insoluble.'* 
The  iron,  etc.,  lime,  magnesium,  carbonic  and  sulphuric  adds,  were  then  esti* 
mated  in  the  usual  manner.    The  results  were  as  follows : 


Insoluble 

Ferric  and  aluminic  oxides.  Fa  O3  +  Ala  O3 

Caldum  Sulphate,  Ga  S04 

Caldum  Carbonate,  Ga  Go3 

Magnesium  Carbonate,  Mg  G03 


55 


24.21 

4.82 
47.11 
20.76 


99.72 


56 


16.22 

1.14 

.78 

54.28 

27.48 


99.85 


99.21 


The  very  small  percentage  of  alkalies  amounting  to  but  little  more  than  a  trace, 
was  not  determined. 

No.  55  contained  druzy  cayities  filled  with  pure  white  granular  silica,  which 
would  cause  the  insoluble  portion  to  vary  in  different  pieces. 

The  insoluble  portion  of  No.  56  contained  a  large  amount  of  iron  in  an  insolu- 
ble form.    No.  57  is  a  very  pure  magnesian  limestone. 

These  three  specimens  are  the  only  ones  that  I  have  receiyed  in  time  to  com- 
plete their  analysis, 

8.  F.  PECKHAM. 

MnmEAFOLis,  Jan.  dOth,  1879. 
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VI. 

ORINTHOLOGY. 


RSPOBT  OF  DB.  P.  L.  HATCH. 


MiNincAPOLis,  January  23, 1879. 
Trof,  N.  H.  Winehtll: 

Dear  Sir — It  is  my  pleasure  to  be  able  to  Tep(»t  a  satis&ctory  progress  of  ilie 
Ornithological  section  of  the  Natural  History  Survey  of  the  State  during  the  year 
just  closed. 

The  distribution  of  resident  species  of  birds,  the  lines  of  those  migiatioDi 
which  most  affect  such  distribution,  and  the  interest  of  agriculture,  hare  occu- 
pied the  attention  of  the  survey  largely.  Personal  visitations  of  remote  locali- 
ties in  the  best  times  for  observation  and  the  restncted  employment  of  local 
amateurs,  have  greatiy  facilitated  the  accumulation  of  reliable  datii. 

Questions  of  profound  interest  to  science  have  multiplied,  which  can  only  be 
settied  by  a  thorough  exploration  of  aU  sections  of  the  State  not  yet  settled  for 
agricultural  purposes,  which  it  is  hoped  the  present  year*s  opportunities  may 
afford  new  facts  for  their  solution.  The  characteristics  of  the  different  sections 
are  so  varied  that  each  must  receive  special  observation  almost  simultaneooaly, 
which  compels  me  to  depend  much  upon  the  principal  lines  of  rapid  tnnat 
The  "passes*'  on  the  Minneapolis,  White  Bear  and  Duluth  railroads  added  very 
much  to  my  facilities  during  the  past  year.  I  think  that  if  similar  advintago 
could  be  afforded  over  the  other  lines  of  railroads  penetrating  remote  sedkni 
hitherto  unexplored  by  the  Sarvey,  results  of  surpassing  interest  may  be  attained 
during  the  present  year.  My  co-laborer  and  invaluable  assistant,  Mr.  C.  £• 
Herrick,  has  not  enjoyed  his  usual  opportunities  for  aiding  me  during  the  last 
year  which  I  had  hoped,  on  account  of  his  time  being  absorbed  in  another  de- 
partment of  still  greater  importance  to  science.  I  shall  permit  myself  to  hope 
that  he  may  be  able  to  render  greater  service  during  the  year  just  begun. 

I  am  very  respectfully  yours, 

P.  L.  HATCH. 
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VII. 

BOTANY, 


THK  PLA1TT8  OF  THE  NORTH  SHORE  OF  LAKE  8T7PERIOR.     BY  B.  JUKI. 


The  greater  part  of  the  forest  of  the  north  shore  consists  of  evergreens,  suck 
as  sprace,  pine  and  cedar.  Birch  is  nearly  eveiywhere  interspersed,  and  poplars 
are  nearly  as  common.  From  French  Riyer  northward  the  trees  gradually  de- 
crease in  size.  Already  at  Grand  Marais  the  difference  is  quite  apparent.  At 
Pigeon  Point  the  trees  seem  to  be  but  half  grown.  The  same  is  true  of  altitude; 
on  the  ridge  of  Mount  Josephine  there  is  only  a  stunted  growth  of  trees,  which 
at  its  foot  reach  the  ordinary  size.  This  can  hardly  be  due  alone  to  the  difference 
of  moisture  and  soil.  The  abundance  of  mosses  and  lichens  gives  to  the  forest 
a  character  peculiar  to  northern  latitudes.  There  is  scarcely  a  rock  or  tree  that 
is  not  partly  or  entirely  covered  by  the  different  species.  The  ground  is  often 
covered  by  a  layer  nearly  a  foot  in  thickness,  which  conceals  the  angular  frag- 
ments of  rock  beneath.  In  many  places  there  is  no  soil  except  what  is  entangled 
in  the  mosses  and  lichens.  This  fact  serves  to  make  fires  all  the  more  destructive. 
They  consume  everything,  to  the  very  rock;  nothing  remains  but  the  charred 
trunks  of  trees,  many  of  which  fall  at  the  time,  while  others,  whose  roots  struck 
into  some  deep  crevice  of  the  rock,  stand  a  few  years  longer  as  monuments  of 
the  destructive  folly  of  man.  The  next  rain  or  wind  carries  away  the  last  traces 
of  soil,  and  leaves  tiie  rocks  bare  and  calcined.  Nature  now  sets  about  to  cover 
again  the  surface  by  an  other  slow  succession  of  lichens,  shrubs  and  trees.  The 
trees  in  proximity  to  the  lake,  and  especially  on  the  side  facing  it,  are  draped 
with  a  moss-like  hchen  (Usnea  longissima?).  This  hangs  in  longf  lufls  of  about 
a  foot  and  a  half  from  trunk  and  branches.  When  dry  it  is  as  combustible  as 
shavings  or  straw.  It  is  by  no  means  an  unimportant  article  in  this  region. 
For  packing  specimens  and  for  belding,  there  is  no  better  material.  This  lichen 
ia  found  both  upon  live  and  dead  trees,  but  more  commonly  upon  some  speaes 
than  upon  others.  There  are  some  wrong  theories  prevalent  regarding  it.  It 
neither  injures  a  live  tree  nor  has  it  any  preference  between  a  Hve  and  a  desA 
one,  as  long  as  the  bark  to  which  it  attaches  itself  remains  upon  the  tree.  Its 
nourishment  is  derived  from  the  air  and  not  from  the  tree  upon  which  it  lives. 


Digitized  by 


Google 


db  ANKITAL  BBPOBT. 

Myriads  of  caterpillars  have  sizipped  the  younger  growth  of  deddaoos  trees 
of  their  foliage  in  a  number  of  places  this  season. 

Swarms  of  grasshoppers  appear  to  have  passed  over  these  regions,  bat  thous- 
ands happened  to  alight  in  the  lake  instead  of  on  the  land.  In  Grand  Portage 
Bay  great  numbers  of  them  were  seen  floating  on  the  water  still  alive  and  eager 
to  take  jpaaa&ge  on  any  floating  olgect. 

The  resinous  matter  of  the  wood  which  falls  into  the  streams,  is  said  to  impart 
to  the  water  that  dark  amber  color  peculiar  to  all  streams  which  enter  upon  the 
north  shore. 

About  fifteen  hundred  specimens  of  plants  have  been  collected  and  preserved, 
which  represent,  perhaps,  one  hundred  and  seventy-five  species.  More  than  that 
number  have  been  identified,  but  it  was  not  found  convenient  to  preserve  all  speci- 
mens. The  duplicates  are  intended  for  exchange.  A  full  collection  of  Cariees, 
to  which  special  attention  was  given,  was  lost. 

In  considering  the  results  it  should  be  borne  in  mind  that  no  expenses  to  the 
State  have  been  incurred,  which  would  not  have  been  necessaiy  without  them. 
A  few  leisure  hours  were  given  to  this  work  by  one  who  did  full  duly  in  another 
line. 

List  of  Plants  of  the  North  Shore  of  Lake  Superior. 

BAirUNCULACEJS.* 

r  Clematis  Yirginiana,  L.    Virgin's  Bower. 
Thalictrum  Comuti,  L,    Meadow  Rue. 

Ranunculus  Oymbalaria,  Seaside  Crowfoot.    Found  only  at  Grand  Portage. 
Ranunculus  Pennsylvanicus,  L.    Bristly  Crowfoot, 
c  Caltha  palustris,  L.    Marsh  Marigold. 

Aquilegia  Canadensis,  L.  Wild  Columbine.    Veiy  beautiful,  flowering  late  in 
August. 
Actaea  spicata,  Var,  rubra,  Michx,    Red  Banebeny. 

NYHPHACB^. 

Nuphar  advena,  Smith,    Yellow  Water  Lily. 

8ABBAGBKIAOS2B. 

Sarracenia  purpurea,  L,    Pitcher-plant.     Abundant  in  open  marshes  . 

FU1CABIACS2B. 

r  Corydalis  aurea,  Willd. 

r  Coiydalis  glauca,  Pursh,    Burnt  ridges. 


*r  Signifies  tbat  the  species  Is  rare, 
c  Signifies  that  the  species  is  common,  and 
vc  Very  eommon. 
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CRVCIFRRM, 

c  Cardamine  hirsata,  L.    Bitter-cress. 
Arabis  perfoliata,  Lam,  Tower   Mustard.    Poplar  River. 
Arabis  Drommondii,  Grai^.    Castle  Danger. 

Barbarea  vulgaris,  Michx,    Putin  Bay.     Common  Winter  Cress  or  Yellow  . 
Rocket. 
Draba  arabisans,  Michx.    Castle  Danger. 

DBOSEBACBiB. 

Drosera  rotundifolia,  L.   Sundrew.    o. 
Drosera  longifolia,  L,    Little  Marais« 

CAKYOPHTLLACE^. 

Stellaria  media,  Smith.    Common  duckweed.    Grand  Portage. 
Stellana  longipes,  Goldie,    Duluth. 
Cerastiurm  nutans,  Rap.    Mouse-ear  Chickweed. 

GBRANTACB^. 

Geranium  Carolinianum.    L.   c. 

BALBAMINACB^. 

Impatiens  fulva,  NuU.    Spotted  Touch-me-not. 

ANACARDIACB^. 

Rhus  toxicodendron,  L.    Poison  Ivy. 

SAFINDACBA. 

Acer  spicatum,  Lam.  Mountain  Maple.  Very  abundant  everywhere ;  grows 
usually  in  clumps,  generally  a  mere  bush. 

Acer  saocharinum,  Wang.  Owing  to  the  scardtv  of  other  hard  wood  this  is 
bighly  valued  for  hard  iuel  and  charcoal.  Considerable  quantities  of  sugar  are 
made  from  it,  both  by  Indians  and  whites.  This  tree  is  not  once  met  with  on  the 
ioamediate  lake  shore  ;  it  can  be  found  only  some  distance  inland.  In  addition 
to  the  above  mentioned  maples  Acer  Pennsylvanicum  and  Acer  rubrum  are  occa- 
sionally found,  it  is  said. 

LBGUMIKOSJS. 

Vida  Americana.   Muhl,    Vetch,  c. 

Iiathyrus  maritimus.    Bigelow.    Beach  Pea. 

Grows  in  patches  in  coarse  sand  or  gravel,  where  no  other  plants  thrive.  Re- 
sembles very  much  the  conunon  field  pea.  Along  the  whole  length  of  the  shore 
^^^ihin  the  limits  of  Minnesota,  it  was  observed  in  only  three  places,  viz:  French 
River,  Two  Island  River  and  Poplar  River. 

Iiathyrus  ochroleucus.    Hook.    c. 
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ROSACBiB. 

Prunos  Pennsylvanicus.    L.    Wild  Red  Cherry. 

Prunus  Yirginiana.    L,    Choke  Cherry,  v,  r. 

Spiraea  opulifolia.  L.  Nine-Baxk.  Here,  unlike  farther  south,  it  shuns  the 
soil,  but  clings  to  bare  rocks,  often  within  the  sweep  of  the  waves. 

Spireea  salicifolia.    L,    Common  Meadow  Sweet. 

Agrimonia  £upatoria.    L.    Common  Agrimony. 

Geum  album.  Gmelin,  Makes  a  good  substitute  for  tea;  was  sometimes  used 
as  such  on  the  survey  of  the  north  shore. 

Geum  strictum.    Ait,    c. 

Poteniilla  Norvegica.    L.    Five-Finger. 

Potentilla  fruticosa.    L.    Shrubby  Five-Finger. 

Common  on  bare,  rocky  shores  north  of  Two  Island  River,  becoming  more 
abundant  further  north. 

Potentilla  tridentata.  Ait.  More' common  and  less  confined  to  rocks  than  the 
last. 

Fragraia  Yirginiana,  Ehrhart,    c.    Strawberry. 

Fragraria  vesca,  L,  c.    Very  prolific. 

Rubus  Nutkanus,  Mocino,  White  Flowering  Raspberry.  Occurs  everywhere 
on  dry  soil.  Its  showy  white  blossoms  are  about  as  large  as  those  of  the  wild 
rose.  The  fruit  is  large  and  looks  tempting  but  has  a  peculiar  acid  flavor  which 
makes  it  inferior  to  that  of  the  R.  strigosus. 

Rubus  trifl'^rus,  Richardson,    Dwarf  Raspberry. 

Rubus  strigosus,  Michx,  Wild  Red  Raspberry,  c.  Especially  abundant  and 
prolific  on  burnt  places  a  few  years  after  fires.  Both  the  quantiy  and  the  qual- 
ity of  the  fruit  is  extraordinary.- 

Rosa  lucida,  Ehrhart,    Dwarf  Wild  Rose  (?). 

Amelanchier  Canadensis,  Torr,  c^  Gray,    Pigeon  Point. 

Pyrus  Americana,  D,  C,    American  Mountain  Ash.    c. 

The  large  Cjrmes  of  white  blossoms  in  summer  as  well  as  the  crimBon 
fruit  in  autumn  and  winter  give  a  pleasant  relief  to  the  dark  background  of  ever- 
green. The  tree  was  in  full  bloom  at  Duluth  on  the  20th  of  June,  while  on 
Pigeon  River  some  were  found  in  flowers  nearly  two  months  later. 

Cicuta  maculata.    L,    SpoUed  Cowbane. 

Cicuta  bulbifera.    L, 

Slum  Carsonii.    Dnrand,  ined.    Temperance  River. 

ARALIACBiC:. 

Aralia  hispida.    Michx.    c.    Bristly  Sarsaparilla. 
Aralia  nudicaulis.    L    Wild  Sarsaparilla.    c. 

COBNACBifi. 

Comus  Canadensis.    L.    Dwarf  Cornel. 

Comus  circinata.    UHer.    Round-leaved  C. 

Comus  stolonifera.  Michx.  c.  Gray  attaches  the  name  "  Kinnikinnik"  to 
C.  sericea.  This  only  serves  to  mislead  beginners,  and  gives  rise  to  disputes,  as 
the  name  "  Einnikinnik**  applies  with  equal  propriety  to  C.  stolonifera,  and  to 
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Aictostaphylus  nya  orsi.    The  Indians  use  the  inner  bark  of  the  two  former  and 
the  dried  leaves  of  the  latter  as  tobacco;  hence  the  same  name. 
CJomus  altemifolia.    L.    r.    Poplar  River. 

CAFRIFOLTACKfi. 

Linns9a  borealis.  Gronov,  So  abundant  that  it  often  forms  a  beautifdl  setting 
in  the  moss  carpets  in  the  woods.  It  was  in  blossom  at  Dnlath  on  the  20th  of 
June,  and  on  the  27th  of  September  it  was  still  found  blooming  at  Grand  Marais. 
(See  Foster  and  Whitney.) 

SAXIFRAGACB^. 

Ribes  Cynoebati,  L,    Comomn  Wild  Gooseberry. 

Ribes  lacustre,  Poir.    Agate  Bay. 

Ribes  prostratum,  VH$r,  Fetid  Currant.  Known  in  this  region  by  the  name 
of  ''Skunk  Berry.**  More  prolific  than  the  Ribes  rubrum  and  the  berries  larger, 
but  hardly  eatable  on  account  o{  the  unpleasant  odor. 

Ribes  floridum,  L.  Red  Currant.  Little  Marais.  Plant  and  firuit  like  the 
red  garden  currant.  Without  the  fruit  the  plant  is  not  easily  distinguished  from 
tiie  R.  prostratum. 

Pamassia  palustris,  L,    Grand  Portage  Island. 

Sazifraga  Pennsylvania,  L.  c, 

OKAGRACEA. 

Circsea  apina,  L,  Enchanter^s  Nightshade,  e.  This  plant  contains  many 
xaphides. 

£pilobiumangu8tifolium,L.  Great  Willow  Herb.  Very  common,  especially 
en  burnt  land. 

Epilobium  coloratum,  Muhh  e. 

Epilobium  palustre. 

CEnothera  biennis,  L,    Common  Evening  Primrose. 

WBKLtFKEUB, 

Hydrocotyle  umbellata,  L,    Water  Pennywort. 

Sanicula  Marilandica,  L,    Sanide. 

Heracleum  lanatum,  Michx,  v,  c. 

Lonicera  hirsuta,  Eaton,    Hairy  Honey  Suckle,  c. 

Lonicera  riliata,  Muhl,    Fly  Honey  Suckle. 

DierviUa  trifida,  Momch,  v,  e.  Bush  Honey  Suckle.  Forms  a  large  part  of 
the  underbrush. 

Sambucus  pubens.    Michx,    Red-berried  Elder. 

Viburnum  Opulus.    L,    Bush  Cranberry,    o. 

Much  stunted  and  fewer  berries  in  each  cyme,  which  nearly  leads  one  to  take 
it  for  v.  paudflorum. 

RUBIACB^. 

Galium  asprellum.    Michx.    Rough  Bed-Straw. 
Galium  triflorum.    Michx*    Sweet-scented  Bed-Straw. 
Houstonia  purpurea.    L,    Var,  longifolia.    Gooseberry  River. 
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C0MP08IT.S. 

Eupatorium  pnrpurenm.    L.    Joe  Pje  Weed.    c. 

Aster  cordifolias.    L,    Little  MaraU. 

Aster  sagittifolius.     Willd,    KgaXib  Bay. 

Aster  pamiceus.    L,    Grand  Portage  Island. 

Aster  granuninfolios.    Pursh.    c. 

Aster  ptarmicoides.    Torr  and  Oray, 

Solidago  bicolor.    L.    QoldenRod.    e. 

Solidago  MohlenbergiL    Torr  and  Gray, 

Solida^  Canadensis.    L, 

Heliopeis  leevis.    Pers,    Ox-Eye.    c. 

Anthemis  nobilis.    L,    Beaver  Bay. 

Senedo  tomentosos,  Michx,    Pat  in  Bay. 

Achilleea  MiUefoliam,  L.  Common  Yarow.  Abundant  all  along  the  shore, 
forming  a  ihnge  of  white  just  on  the  line  between  the  forest  trees  and  tiie  waves. 
Was  not  found  in  other  situations.  A  few  specimens  with  light  purple  flow^i 
were  seen. 

Gnaphalinm  decurrens,  Ives,  Eveilasting.  Deronda  Bay  and  Grand  Portage 
Island. 

Senedo  aureus,  L.    Golden  Ragwort. 

Arnica  mollis,  Hook. 

Cursimn  lanceolatnm,  Scop.    Common  Thistle. 

Hieracium  Canadense,  Michx,    Hawk  Weed,  c, 

Nabalus  albus,  Hook,    White  Lettuce. 

Mulgedium  floridianum,*D.  C.    False  Blue  Lettuce. 

LOBELTACEyfi. 

Lobelia  Ealmii,  L.    Abundant  on  bare  trap  shores  north  of  Agate  Bay. 

GAMPANTTLACiB. 

Campanula  rotundifolia,  L.    Harebell,  c. 

Campanula  rotundifolia,  L,  Var,  linifolia.    Pigeon  Point 

Campanula  aparinoidei,  Pursh,  c.    Marsh  Bell  Flower. 

EBICACKfi. 

Gaylussada  resinosa,  Torr,  dt  Grry.  c.    Black  Huckleberry. 
Yaodnium  Oxycoocus,  L,    Small  Cranberry. 
Vacdniom  uliginosum,  L.    Bog  Billberry. 
Chiogenes  hispidula,  Torr,  dt  Gray,    Pigeon  Point. 
Arctostaphylus  uva  ursi,  Spring  Bearberty, 

Ground  thickly  covered  by  it  in  open  places;  Indians  use  the  dried  leaves  to 
mix  with  their  tobacco  for  smoking  and  call  it  "Einnikinnik.'* 
Gktultheria  procumbens,  L,    Wintergreen,    Palisades. 
Epigsea  repens,  L,    Trailing  ArbutusI    Minnesota  Point. 
e  Ledum  latifolium,  Ait, 
c  Pyrola  rotundifolia,  L, 
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e  P^la  elliptica,  Shin-leaf. 

Pyrola  chlorantha,  Swartz,    French  River. 

Pyrola  secunda,  L,    Var,  pomila. 

c  Moneset)  nniflora,  {L.    Pyrola  uniflora.) 

Monotropa  uniflora,  L,    Indian  Pipe.    Grand  Marais. 

PLANTAGINACSJBE. 

Plantago  migor,  L,    Common  Plantain. 

PRIHULACIiB. 

Primula  Mistassinica,  Michx,    Trap  shores. 
c  Trientalis  Americana,  Pursh,    Star  Flower. 
Lysimachia  striata,  Ait.    Split  Rock  River. 
Lysimachia  ciliata,  L.    Split  Rock  River. 

LENTIBULACKfi. 

ntricularia,  minor  L.    Smaller  Bladderwort.    Duluth. 

SCROPHULAKIACB^. 

c  Chelone  glabra,  L.    Turtle^head. 

Mimulus  ringens,  L,    Monkey  Flower. 

Gratiola  pilosa,  Michx,    Agate  Bay. 

Veronica  arvensis,  L.    Com  Speedwell.    Duluth. 

Melampyrum  Americanum,  Michx.    Cow-wheat,    c. 

LABIATE. 

Mentha  arvensis,  L.    Com  Mint.    Baptism  River. 
LycopuB  Yirginicus,  L,    Bugle-weed.    Knife  River. 

Lycopus  Europsus,  L.    Var.  integrifolius  and't^ar.  sinuatus.    Baptism  River. 
Bmnella  vulgaris,  L.    Common  Self-heal.    Duluth. 

Galeopsis  Tetrahit,  L.    Common  Hemp-nettle,    c.    At  some  places  the  color 
of  the  flower  is  a  yellowish  white,  while  at  others  it  is  purple. 
Phlomis  tuberosa,  L.    Jerusalem  Sage.    Knife  River. 

BOBRAGINAGES. 

Mertensia  paniculata,  L.    Lungwort.    Abundant  and  showy. 
Echinospermum  Lappula.  Lehm,    Stickseed.    Duluth. 

GENTTANACB^. 

Halenia  deflexa,  Oritsbach,    Supurred  Gentian. 
Menyanthes  trifoliata,  L.    Buckbean.    c. 


POLYGON  A  CB^. 


Polygonum  dlinode,  Michx.    c. 
Bumez  Acetosella,  L,    Sorrel,    c. 
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BTiEAOAnACKS. 

Shepherdia  Canadensis,  MuM,    Dry  shores. 

BAirrALACBiE. 

Oomaadra  livida,  Richardson,    Bastard  Toad  Flax. 

UBTI0ACS2B. 

Urtica  gracilis,  Ait,    Nettle.    Agate  Bay. 

CUFULIFlERiB. 

Ck)rylii8  Americana.    Walt,    Knife  River. 

Gorylus  rostrata.  Ait.  Everywhere  and  (contrary  to  Foster  and  Whitney) 
fertUe.  In  some  places  the  bushes  reach  a  height  of  fifteen  feet,  with  stems 
from  one  to  one  and  a  half  inches  in  diameter.  The  tops  bend  over  from  tiie 
weight  of  the  fruit. 

Ostrya  Yirginica.  Willd,  Hop-Hornbeam.  Reported  as  growing  on  the 
ridges  in  the  interior. 

BSTT7LACKJE. 

Betolalntea.    Michx,    Yellow  Birch.    Inland. 

Betula  papyraoea.    Ait,    Paper  or  Canoe  Birch. 

This  tree  is  valuable  not  so  much  for  its  wood  a«  for  the  great  varied  of  uses 
to  which  the  bark  can  be  tamed.  In  many  instances  the  tree  reaches  a  height 
of  seventy  feet. 

Betala  glandulosa.    Michx,    Dwarf  Birch.    Swamps. 

Betola  rotondifolia.    Spach,    Swamps. 

Alnus  viridis.    D.  C,    Green  Alder.    Bare  rocks  and  dry  banks. 

Alnus  incana.    Willd,    Swamps  and  wet  banks. 

BALICB^. 

Populus  tremnloides.    Michx.    American  Aspen.    9.  c, 

Populos  grandidenta.    Michx.    Unnsaally  large. 

Populus  balsamifera.    Var,    candidans.    L.    Balm  of  Gilead.    e. 

COniFERiB. 

Pinus  Banksiana,  Lambert,    Scrub  Pme.  c. 

Pinus  resinosa,  Ait.    Red  Pine,  c, 

Pinus  Strobus,  L.  White  Pine.  This  is  rather  scarce  along  the  shore,  but  is 
abundant  a  few  miles  inland.  It  sometimes  forms  a  forest,  but  is  more  frequently 
seen  single  or  in  clumps  of  a  dozen  or  two  interspersed  among  the  other  trees. 
The  decaying  trunks  lying  in  the  shade  of  a  young  growth  show  that  the  tree  is 
by  no  means  stunted  in  this  latitude.  At  Knife  River  a  fallen  tree  was  measured 
and  found  to  be  125  ft.  in  length  and  SH  to  4  ft.  in  diameter. 
•  Abies  nigra,  Poir,    Black  Spruce. 
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Albies  alba,  Michx,    White  Spruce,  c, 

Albies  balsamea,  Jfar«^7/.  Balsam  Fir.  o.  The  Canada  Balsam  is  obtained 
from  the  blisters  in  the  bark  of  this  tree. 

Larix  Americana,  Michx,  Tamarack,  o.  It  is  here  fomid  both  in  swamps  and 
on  dry  land. 

Thtga  oocidentalis,  L,  Arbor  Yitee.  c.  Though  the  trunk  is  frequently  two 
feet  in  diameter,  it  tapers  so  rapidly  that  it  is  of  little  value  as  timber.  The 
bees  either  standing  or  fallen  make  an  almost  impassable  barrier  to  the  explorer. 

Jnniperus  conmiunis.    L.    Var,  alpina.    e. 

Tozus  baocata.    L.     Var,  Canadensis.    American  Yew. 

ABACBJE. 

Calla  palustns.    L,    Bogs,  Dnluth. 

Acorus  Calamus.    L,    Sweet  Flag.    Enife  River,  Duiuth. 

TYPHACB^. 

Spar|2^um  simplex.    Hudson  Bay  Reed.    Agate  Bay. 

NAIADACEA. 

Potamogeton  crispus.    L.    Pond  Weed.    Agate  Bay. 

OBCHIDACBiB. 

Habenaria  obtusa.    Richardson,    c, 
Habenaha  orbiculata.    Torr,    c. 
Habenaria  psycodes,  Gray,    c. 
Goodyera  pubescens.    R,  Br,    c, 
Spiranthes  Romanzoviana.    Chamisso. 

IBIDACE^. 

Iris  versicolor.    L.    Blue  Flag. 

Sisyrinchium  Bermudiana.    L,    Blue  Eyed  Grass. 

LILIACBA. 


Streptopus  amplexifolius.    D,  C.    Twisted  Stalk. 
Clintonia  borealis.    Raf,    v,    c, 
Smiladna  trifolia.    Ker.    Putin  Bay. 
Lilinm  Philadelphicum.    L,    Trap  shores. 


JUKCACB^. 


Jnncus  alpinus,  var,  insignis.    Fries, 

Jtmcus  Canadensis.    J,  Gray,    Var,  co-arctatus. 
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OTPERAOBA. 

Eriphoram  alpinnm.    L.    Cotton  Grass. 
Carex  polytrichoides.    MuhL    Little  Marais. 

"  stipata.    Muhl.    Moose  Lake. 

"  trisperma.    Dew,    Patin  Bay. 

"  canescens;  var,  yitilis.    L,    Agate  Bay. 

"  Deweyana.    Schw,    Agate  Bay. 

**  lagopodioides.    Schk,    Agate  Bay. 

"  stricta.    Lam,    Agate  Bay. 

'*  lenticularis.    Michx,    A«rate  Bay. 

**  crinita.    Lam,    Putin  Bay. 

"  gynandra.    Schw.    Agate  Bay. 

"  irrigua.    Smith.    Putin  Bay. 

"  aJpina.    Schwartz,    Temperance  River. 

"  livida.     Willd,    Greenwood  River. 

'*  arctata.    Boott,    Agate  Bay. 

"  flexilis.    Budge    Knife  River. 

**  fililormis.    L,    Putin  Bay. 

"  lanuginosa.    Mkhx,    Common  everywhere. 

"  riparia.    Curtis,    c, 

"  paludosa.    Good,    c, 

"  retrorsa.    Schw.    Moose  Lake,    e, 

"  intumescens.    Rudge.    c, 

"  monile.    Tuckerman,    Agate  Bay. 

"  oligosperma.    Michx.    Baptism  River. 

Zizania  aquatica.    L.    LidianRice.    Water  Rice. 
Calamagrostis  Canadensis.    Beauv,    Blue  Joint 
Poa  caesia.    Smith,    Meadow  grass. 

FILICB8.     (Ferns.) 

Polypodium  vulgare.    L,  (?) 

Pteris  aquilina.    L,    Common  Brake. 

Adiantum  pedatum.    L,    Maidenhair. 

Onoclea  sensibilis.    L.    Sensitive  Fern.    c. 

A  number  of  other  species  of  ferns  were  collected  but  not  identified. 

LTCOPODIACE^.      (Club  MoSS.) 

Lycopodlum  inundatum.    L.    r.    Pallisades. 

Lycopodium  annotinum.    L,    e, 

Lycopodium  dendroideum.    Michx,    Ground  Pine. 

Lycopodium  davatum.    L,    c. 

Lycopodium  complanatum.    L,    c. 

The  following  is  a  list  of  plants  that  either  constitute  the  greater  part  of  vege- 
tation on  the  comparatively  bare  belt  of  a  few  rods  width  in  immediate  contact 
with  the  water,  or  grow  there  exclusively.    The  margin  of  the  forest  is  in  gen- 
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eral  a  well  defined  line,  reachinsr,  where  the  confonnation  of  the  coast  admits,  as 
flEur  down  as  the  hig^hest  waves  are  thrown.  The  strip  between  this  line  and  the 
level  of  the  lake  is  exposed  to  winds  and  waves,  and  destitute  of  soil,  except  what 
filters  into  cracks  of  the  rocks,  or  is  retained  in  some  ancient  pot-hole. 

Campanula  rotondifolia.    L,    Harebell.    Var.  linifolia.    Both  comm<m,  and 
exdnsively  on  this  belt. 

Potentilla   tridentata.     AiU    Becomes  less  common  northward.     Is  most 
abundant  at  Duluth.    Grows  occasionally  inland. 

Potentilla  fructicosa.    Makes  its  first  appearance  at  Knife  River;  grows  more 
common  thence  northward.    Only  on  rocks,  and  more  rare  inland. 

Aster  gramminifolios.  Enife  River,  and  northward.  Its  roots  are  firmly  set 
into  the  cracks. 

Solidago  bicolor.    Takes  the  higher  and  more  favorable  positions. 

Primula  Mistassinica.  Wet  cavities  or  pot-holes,  usually  with  Juncns  and 
Drosera.    Common  on  flat  trap. 

Drosera  longifolia.    Same  as  precedinir. 

Juncus  alpinus.    Same  as  preceding. 

Draba  arabisans.    On  high  rocks.  ' 

Barbara  vulgaris.    Sheltered  and  stony  beach  near  water  level  at  Putin  Bay. 

Aiabis  Drummondii.    High  walls  at  Castle  Danger. 

Achillea  Millefolium.  Forms  a  white  fringe  along  the  timber  line.  The  most 
retired,  but  always  in  its  place. 

Rhamnus  alnifolius.    VHer,    Buckthorn. 

Spireea  opulifolia.  Very  common.  About  the  only  shrub  on  many  rocky 
shores;  clings  to  the  lowest  and  most  exposed  ones,  also  on  high  walls. 

Thtga  occidentaJis.  Not  so  common  as  inland,  but  maintains  its  hold  upon 
life  in  the  most  unfavorable  positions.  Often  the  only  representative  of  the  vege- 
table kingdom  on  a  lone  rock  in  the  lake,  where  its  stem  and  branches  plainly, 
indicate  the  direction  of  the  prevailing  winds  and  waves. 

Alnus  viridis.    Less  thrifty  than  inland. 

Lilium  Philadelphicum.    Occasionally  on  trap. 

Lathyrus  maritimus.    Gravelly  or  sandy  beaches. 

In  addition  to  the  above,  there  are  three  species  of  Graminee  which  have  not 
been  identified.    These  are  often  found  on  the  most  exposed  places. 

Additional  Species  identified  at  the  University^  by  B.  Juni. 

Phacelia  bipinnatifida.    Michx.    Near  campus. 
Draba  Caroliniana.    Walt.    Abundant  on  campus. 
Alyssum  calycinum.    L.    Around  Agricultural  College. 
Erodium  dcutarium.    L'Her,    Agricultural  College. 

Camelina  sativa.  Crantz,  Agricultural  College.  Only  two  specimens  found. 
May  not  appear  again. 

Aster  multiflorus.    AU,    Campus. 

Lychnis  vespertina.    Sibth..    Near  campus.    Not  viscid. 

Ozybaphus  nyctagineous.    Sweet.    Campus. 

Acerates  lanuginosa.    Decaisne,    Near  campus. 

Veronica  perigrina.    L.    Near  campus. 

Lycium  vulgare.    Dunal,    Sidewalks,  E.  D.;  rare. 

linaria  vulgaris.    MiU,    Common  on  University  Avenue. 
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Arabis  himita.    Seop,    Common  on  the  bluffs. 

Prunos  pumila.    L,    Rare;  bluffs. 

Cardamine  hinnta.    L.    Brook. 

Eleocharis  palustris.    J^.  Br.    Brook. 

Scirpus  validus.     Vahl,    Brook. 

Lathyrus  palustariB.    L.    Near  the  brook. 

Troximon  caepidatam.    PursK    Ft.  Snelling  to  Chaska. 

Veronica  Virginica.    L,    White  Bear. 

Veronica  Americana.    Schunnitz,    Brook. 

Veronica  scatellata.    L,    Brook. 

Afldepias  ovalifolia.    Degaisne,    White  Bear. 

Baptisia  tinctoria.    R,  Br,    White  Bear 

Scrophulana  nodosa.    L.    Campos. 

Verbena  hastata.    MUhx.    Campus. 

"         urtidi'olia.    L,    Campus. 

"         stricta.     Vent,    Campus. 

*'        bracteosa.    Michx,    Campus. 
Spirsto  opulifolia.    L.    Bluffs. 
SolidaKO  odora.    AU,    Bro(^. 
Stipa  spartea.    Trin.    Campus. 
Amphicarpum.    Purshii,  Krunth.    Campus. 

OABKX. 

Backii.    BooU.  granulans.    Muhl, 

teretiuscula    Good.  Torreyi.    Tuckerman, 

disticha.    Huds,  flaccosperma.    Dew. 

vulpinoidea.    Michx.  gradllima.    Schw, 

conjunta.    Boott.  digitalis.     WiUd. 

rosea.    Schk.  Pennsylvanica.    Lam. 

tenella.    Schk.  Richardsonii.    R.Br. 

scoparia.    Schk,  pubescens.    Muhl. 

tenuiflora.     Wahl.  miliacea.    Muhl. 

stellulaia.    L.  lanuginosa.    Michx. 

vulgaris.     Fries.  hystridna.     Willd. 

aquatilis.     Wahl,  longirostris.    Torr. 
aurea.    ^i^. 

The  sedges  enumerated  above  have  been  found  in  the  vidnity  of  the  Univer- 
sity. Taking  into  account  those  found  on  the  north  shore,  there  have  been  in 
all  forty-six  sedges  identified  the  past  summer,  fully  three-fourths  of  which  have 
not  heretofore  been  identified;  at  least  they  were  not  published.  This  number 
by  no  means  represents  all  the  spedes  of  Carex  in  this  State.  The  sedges  are 
commonly  not  distinguished  from  the  grasses  proper.  They  form  a  large  part  of 
the  food  for  cattle  and  wild  ruminants,  especially  in  woody  districts. 
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VIIT. 

REPORT  ON  THE  GENERAL  MUSEUM. 


OOKTAmLNG    THE    COLLECTIOKS    OF  THE  GEOLOGICAL  AND  KATURAL 
HISTOBT  SURVEY  FOR  1878. 


By  N.  H.  Winchell,  Curator. 

The  work  in  the  museurd  has  been  carried  on  mainly  in  the 
laboratory  of  the  Geological  Survey.  In  the  earlier  part  of  the 
summer  Mr.  Herrick  prepared  a  number  of  thin  sections  of  rock 
for  the  microscope,  collected  by  the  survey  in  different  parts  of  the 
State.  The  excellent  lathe  of  Mr.  A.  A.  Julien,  purchased  for  this 
purpose,  with  the  accompanying  apparatus,  has  proved  eminently 
useful,  and  will  become  still  more  so  as  the  laboratory  work  of  the 
survey  progresses.  Later  in  the  summer  plants  and  birds  were 
added  to  the  museum  by  Mr.  Herrick  and  Mr,  Juni,  and  the  botan- 
ical collection  now  assumes  considerable  proportions.  At  the  same 
time  many  memoranda  of  unexpected  localities,  and  variations  or 
peculiarity  in  species,  have  been  preserved  for  use  when  systematic 
work  on  these  collections  shall  be  attempted.  A  few  plants  from 
Iowa  have  been  obtained  of  Mr.  Roberts. 

Further  collections  have  been  made  of  fossils  from  the  Trenton 
limestone,  and  also  from  the  so-called  "Northwestern  limestone"  of 
the  drift  in  the  vicinity  of  Minneapolis.  Mr.  Herrick's  ornitho- 
logical notes  are  reported  to  Dr.  Hatch. 

On  the  return  of  parties  from  the  field-work  of  the  survey,  a 
systematic  examination  and  registration  of  the  material  gathered 
during  the  past  six  years,  not  previously  examined  and  reported, 
was  begun  in  the  laboratory,  and  has  been  in  progress  up  to  the 
present  time.  These  comprised  about  two  hundred  boxes  and  mis- 
cellaneous packages  of  specimens,  some  of  which   will  require 
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minute  examination  and  stady.  This  is  true  particalarly  of  the 
crystalline  rocks  of  the  northern  part  of  the  State.  For  the  piu> 
pose  of  this  work,  and  owing  to  the  large  increase  of  the  number 
of  boxes  the  present  year,  another  room  in  the  basement  of  the 
University  was  occupied  by  order  oi  the  Executive  Committee,  and 
was  fitted  with  suitable  shelving  and  tables  for  storage  and  conve- 
nient handling.  The  accompanying  catalogue  shows  how  far  the 
registration  has  proceeded,  and  the  general  character  of  the  sped- 
mens  so  far  as  examined. 

At  the  same  time  the  work  of  mounting  the  Megatherium^  men- 
tioned in  the  last  report,  which  had  been  temporarily  re-stored  in  an 
empty  case  of  the  north  room,  was  begun,  and  as  much  time  given 
to  it  as  the  various  other  duties  of  the  Curator  would  permit.  It 
will  require  some  weeks  further  time,  but  it  will  not  be  long  now 
before  it  will  be  completely  set  up,  and  will  constitute  one  of  the 
chief  attractions  of  the  Museum. 

Mr.  W.  H.  Chambers,  a  student  in  the  University,  has  presented 
a  fine  specimen  of  Rock  Sturgeon  (Acipenser  rubicundus.  Le.  S.) 
taken  by  him  in  the  Mi8sis<(ippi,  near  the  University,  which  has 
been  mounted  by  Mr.  Wm.  Howlingf,  of  Minneapolis,  and  is  on 
exhibition  in  the  Zoological  apartment  of  the  Museum. 

From  time  to  time  specimens  of  minerals  are  presented  to  the 
Museum.  These  will  be  found  acknowledged  in  the  following  cat- 
alogue. A  circular  relating  to  duplicates  in  the  Museum,  and  to 
exchanges  for  the  same,  was  issued  in  December,  for  distribution  to 
parties  desiring  exchange. 
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^I>I>ENDIX   -A.. 


The  foUowiog  are  the  full  insixactions  of  the  Execative  Committee  f^ven  to 
Prof.  Peckham,  after  amendment  so  as  not  to  come  into  conflict  with  <^e  plans 
of  the  State  Geologist.  The  specimens  gathered  during  the  progress  of  the 
examinations  of  Prof.  Peckham,  tendered  to  the  General  Museum  by  him  in  his 
reporfy  were  subsequently  otherwise  disposed  of  by  him,  and  have  never  been 
placed  in  the  care  of  the  Curator. 

Besolved,  That  Prof.  S.  F.  Peckham  be  instructed  t*  proceed  as  soon  aa  possi- 
ble after  the  first  of  June  next,  and  by  the  cheapest  conveyance,  to  Grand  Port- 
al, Minn.,  and  establish  there  an  assay  office,  in  the  best  accommodations  that 
he  can  secure,  to  remain  until  about  September  1st. 

He  shall  use  such  apparatus  as  the  University  now  possesses,  and  shall  procure^ 
in  addition,  such  apparatus  as  may  be  necessary. 

He  shall  assf^  any  ores  that  may  be  brought  to  him,  requiring  in  all  casea 
pre-payment  of  the  following  named  sums:  for  any  number  of  assays  less  than 
three  (3)  four  dollars  each;  for  three  (3)  assays  for  the  same  party  and  at  the 
same  time,  ten  dollars;  for  four  (4)  or  more  assays  for  the  same  party  at  the 
same  time,  three  dolhurs  each. 

Any  parties  who  will  make  affidavit  that  they  are  citizens  of  the  State  of  Min- 
nesota, and  that  their  ores  are  found  in  Minnesota,  giving  the  locality  where  the 
ores  were  found,  as  nearly  as  possible,  and  certifying  their  willingness  that  the 
results  may  be  published,  shall  be  charged  one-half  the  above  mentioned  prices. 
Specimens  submitted  by  the  State  Geologist,  shall  be  assayed  free  of  cost  to  pri- 
vate parties,  and  a  report  of  the  same  and  all  other  assays  and  investigations, 
not  for  private  parties,  shall  be  made  direct  to  the  State  Geologist. ' 

Payment  for  assays  may  be  made  in  specimens  of  mineraLs  or  ores  at  Prof. 
Peckham 's  valuation. 

Prof.  Peckham  shall  advertise  in  the  St.  Paul  Pioneer  Press  and  in  the  Duluth 
immediately,  and  about  May  20th,  that  he  intends  to  go  to  Grand  Port- 
age, and  shall  also  procure  the  printing  of  fifty  posters,  which  he  shall  cause  to 
be  posted  in  conspicuous  places  in  Minneapolis,  St.  Paul  and  Duluth. 

On  his  return,  he  shall  make  a  report  to  the  President  of  the  University,  for 
this  committee,  in  which  he  shall  show  all  receipts  and  disbursements  made  for 
the  University,  with  any  other  information  that  he  may  consider  of  value  to  this 
committee. 

■He  shall  secure  the  services  of  Mr.  Bowman  as  his  assistant,  at  a  rate  not  to 
exceed  thirty  dollars  per  month  and  lus  expenses. 
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The  sum  of  two  hundred  dollars,  or  no  much  of  it  as  may  be  Decenary,  k 
hereby  appropriated  for  the  use  of  Prof.  Peckham  in  providing  additional  appa- 
ratus, and  such  miscellaneous  expenses  as  may  be  necessary. 

Specimens  gathered  in  the  course  of  these  examinations,  shall  be  placed  in 
the  Greneral  Museum,  but  a  series  suitable  to  the  Museum  of  Technology,  may  be 
placed  there  after  the  General  Museum  has  been  supplied. 
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Microscopic  Entomostraca, 

BY  C.  L.  HERRICK,  Laboratory  Assistant. 
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New  Hayen,  Jauuast  8,  1879. 
Trof,  N,  H.  Winehell: 

Deak  Sm:  I  have  examined  the  chapter  by  Mr.  Herrick,  which  yoa  placed  in 
my  hands,  and  think  it  a  Taluable  contribution  to  science.  It  will  make  a  Tery 
appropriate  addition,  it  appears  to  me,  to  the  Minnesota  State  Report,  because 
of  its  illustrating  with  wdl-drawn  fiipnres  and  g^ood  descriptions  the  life  of  Uie 
fresh  water  of  the  State.  The  species  are  amonp^  the  most  interesting  of  the 
minuter  animals  of  the  waters,  add  have  a  wide  distribution  over  the  globe. 
Tours  truly, 

JAMES  D.  DANA. 


Minneapolis,  Mimn.,  Januakt  U,  1879. 

Gen,  H.  H,  Sibley^  President  of  the  Board  of  Begents: 

I  herewith  communicate  to  the  Regents  an  illustrated  memoir  on  the  micro- 
scopic crustaceans  of  fresh  waters  of  Minnesota,  as  a  contribution  on  the  Natural 
History  of  the  State,  in  accordance  with  law.  This  valuable  pf^>er,  by  Mr.  C.  L. 
Herri(^,  my  laboratory  assistant,  has  cost  the  Survey  nothing  more  than  the  use 
of  its  rooms  and  apparatus,  and  has  been  submitted  to  the  approval  of  Prof.  J. 
D.  Dana  of  New  Haven,  who  indorses  it  as  a  valuable  contribution  to  sdenoe, 
and  recommends  its  publication. 

Very  respectfully, 

N.  H.  WINCHELL. 


Digitized  by 


Google 


PREFACE. 

It  is  with  the  hope  that  the  following  paper  may  be  of  service  to  some  who, 
like  myself,  were  interested  in  the  many  and  Taried  forms  found  in  eyery  stag- 
nant pool  as  well  as  in  the  lakes  and  ponds  of  our  country,  but  who  were  unable 
to  find  any  connected  account  of  them,  that  it  is  offered  to  such,  as  a  contribution 
toward  a  better  understanding  of  a  little  known  order  of  the  natural  kingdoms. 

The  lakes  within  a  radius  of  ten  miles  of  "Minneapolis  have  furnished  all  the 
material  examined,  and  the  supply  is  not  exhausted  by  any  means.  It  is  only 
hoped  to  so  outline  the  extent  and  limits  of  this  division  of  animal  life  that  it  will 
be  less  difficult  to  place  the  forms  found  from  time  to  time,  in  approximately 
their  true  position. 

With  very  few  exceptions,  as  far  as  has  been  ascertained,  no  one  has  devoted 
any  attention  to  the  fresh  water  EnUmostraca  of  America,  and  it  is  necessary  for 
some  one  to  act  as  a  pioneer,  to  learn  whether  any  of  the  forms  described  in 
Europe  appear  here,  and  to  discover,  if  possible,  if  there  be  a  general  similarity 
between  these  widely  separated  fiumn.  This  has  been  the  ambition  of  the  pres- 
ent writer;  and  if  only  an  intelligent  attention  be  directed  to  this  field,  he  will 
feel  abundantly  repaid  for  the  attempt. 

The  works  consulted  were  Dana's  *'  Report  of  the  Crustaceans  collected  during 
the  Wilkes  Exploring  Expedition  to  the  Pacific  Ocean",  Dr.  W.  Baird's  **  Brit- 
ish Entomoitraca,''  *'  Report  of  U.  S.  Fish  Ck>mmission,"  papers  in  '*  Hayden's 
Survey  of  the  Territories'",  and  papers  in  the  Amaican  Naturalist  and  other  peri- 
odicals. Many  thanks  are  due  to  Prof.  N.  H.  Winchell,  director  of  the  State 
Geological  Survey,  for  assistance  and  advice  in  many  ways;  to  President  W.  W. 
Folwell,  and  Dr.  P.  L.  Hatch,  for  assistance  and  intelligent  sympathy,  and  to 
fellow  members  of  the  *'  Naturalist's  Club.'' 

That  there  will  be  found  mistakes  in  the  work  is  to  be  expected,  but  it  is  hoped 
that  the  information  will  be  reliable  in  the  main. 

It  is  not  without  hesitation  that,  as  a  novice  in  scientific  investigation,  names 
are  suggested  for  the  new  species  found,  but  the  purpose  of  this  paper  will  be 
best  served  by  defining  as  well  as  possible  these  forms,  and  submitting  them  to 
the  test  of  further  study;  and  if  in  the  future  more  experience  and  greater  research 
can  be  brought  to  bear  upon  this  domain,  these  prebminaiy  notes  will  perhaps 
not  be  without  their  value.  The  drawings  were  all  made  by  the  writer,  in  most 
cases  from  life,  though  some  details  have,  been  introduced  from  the  works  con- 
sulted, and  the  plate  of  Phylhpoda  was  collected  from  the  government  reports, 
and  elsewhere.  Clearness  in  outline  and  detail  rather  than  beauty  in  execution 
was  the  desideratum. 

C.  L.  HERRICK. 
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INTRODUCTION, 

BNTOHOBTRACA. 

The  name  was  derived  from  two  Greek  words  meaning  insect  and  shell,  by 
Otho  F.  Mailer,  and  applied  by  him  in  his  **  Entomogtraca'*  (i785)  to  the  animals 
which  had  hitherto  been  all  comprised  in  Linnseus'  genus  Monoculus,  named 
from  the  supposition  that  they  all  possessed  but  one  eye.  The  name  **  Brancki- 
pedes*'  was  adso  proposed,  imd  would  have  been  appropriate  enough,  but  Mailer 
supposed  that  the  branchial  appendages  which  suggested  the  name,  were  want- 
ing in  Cythere^  etc.  Mailer,  aside  from  naming  the  group,  was  the  first  to 
arrange  these  animals  in  anything  like  a  systematic  classification,  and  collected  a 
great  deal  of  interesting  information.  Since  his  time  several  authors  have  writ- 
ten upon  these  interesting  animals  in  Europe,  but  with  a  few  exceptions  no  sys- 
tematic work  on  Gntomostraca  has  appeared  in  English. 

Dr.  W.  Baird  published  in  1850  a  superb  work  on  the  Entomoetnu^a  of  Great 
Britain,  which  is  still  the  best  thing  in  the  English  language.  But  smee  this 
woik  was  published,  many  additions  have  been  made  to  our  knowledge.  In 
Prof.  J.  D.  Dana's  magnificent  work  on  the  Crustacea  found  in  the  **  Wilkes 
Exploring  Expedition*',  many  new  species  are  described,  and  a  revised  classifica- 
tion for  the  whole  order  is  proposed.  In  tl\is  work  every  known  genus  was  char- 
acterized. Since  then  additions  of  new  species  have  been  published  by  various 
authors,  and  are  scattered  through  the  reports  of  various  societies.  Moreover, 
recent  studies  in  Embryology  have  thrown  new  light  on  the  classification  of  all 
the  lower  animals,  and  many  changes  are  necessary,  but  it  is  not  possible  at  this 
stage  of  the  study  to  attempt  a 

SYSTEMATIC    ARRANOBMENT 

of  this  order.  We  shall  follow  quite  closely  Dana's  qrstem  as  being  most  ccnn- 
plete. 

The  following  changes,  which  will  not  affect  essentially  the  nomenclature  used 
must  be  indicated  as  the  necessary  result  of  modem  research : 

1.  The  Merostomata,  or  King  Crab  group,  which  contains  the  modem  genus 
Limulua  (Horseshoe  Crab)  and  the  ancient  Eurypterido!,  etc.,  which  was  con- 
sidered by  Dana  a  sub-order  of  Entomostraca  has  by  recent  vmters  been  regarded 
as  a  distinct  order  intermediate  between  the  Trilobita  (which  Dana  included 
with  the  sub-classes  Chorestopoda  and  Entrotnostra^a  in  the  ck&ss  Edriopkthalma 
or  Tetradecapoda)  and  the  Entomostp'oca. 

TrUMta  now  stands  at  the  foot  of  the  sub-kingdom,  its  inferiority  in  rank 
being  assumed  from  the  inferiority  in  point  of  tin^. 

The  Cormostomata  (including  Pceeihpoda  or  Epizoa)  has  been  onited  with 
Copepoda  (Cyclopacea)  thus  doing  away  with  the  sub-orders  in  Entomostraca. 
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The  Pectostraca  (including  Phizocephala  and  cimpeda  (barnacles)  have  been 
asd^ed  a  place  among  the  Entomostraca  from  facts  learned  regarding  their 
development.  These  crustaceans  have  been  tossed  from  one  division  to  another 
till  they  ought,  it  would  seem,  to  find  a  permanent  resting  place.  First  consid- 
ered mollui^s,  they  have  now  taken  their  position  among  the  lower  crustaceans. 
These  creatures,  which  are  at  maturity  firmly  cemented  to  foreign  bodies,  and  are 
inclosed  in  a  hard  shdl-like  test  have,  in  their  earlier  stages,  forms  resembling 
the  '^Nauplis'*  stage  of  Cylops  (see  plate  III,)  and  also  a  stage  resembling  the 
mature  Cypris. 

It  is  now  known  that,  as  Huxley  expresses  it,  '*  the  barnacle  is  a  crustacean 
fixed  by  its  head  and  kicking  its  food  into  its  mouth."  The  attachment  of  the 
head  finds  a  parallel  in  the  genus  Sida  (see  beyond),  which  contains  animals  that 
can  attach  themselves  at  will  to  bodies  by  a  sucker-like  disk  on  the  head,  corres- 
ponding to  the  pedicle  of  the  barnacles.  As  the  barnacles  and  epizoa  have  not 
been  observed  no  further  mention  will,  be  made  of  them  in  this  connection. 

The  following  table  from  Huxley's  Anatomy  of  Invertebrates  will  perhaps  be 
useful  for  reference. 

(Articulates  or) 

ARTHROPODA. 
I. 

Without  manducatory  appendages  (GnathHes) 
Trilobata.  Tardigrada  ( ?)  Pentastomida(  ?) 

II. 

With  pediform  gnathites. 
Merostomata.  Arachnida.  Peripatidea. 

III. 

With  maxilliform  gnathites. 
Entomostraca.  Myriapoda. 

Malacostraca.  Insecta. 


Water-breathers.  Air-breathers. 

For  the  most  part. 

The  extent  of  the  Entomostraca  has  been  outlined  above,  and  the  Malacostraca 
includes  the  remainder  of  the  crustaceans,  viz:  those  included  by  Dana  under 
Podophthalmia  and  the  order  Choristopoda  of  Edrxophthalmia^  thus  embracing 
crabs,  shrimps  and  all  the  higher  crustaceans,  whose  body  consists  (almost  always) 
of  twenty  segments  (somnites)  of  which  six  constitute  the  head,  and  bear,  respect- 
ively, the  eyes,  superior  antennse,  inferior  antenuse,  mandibles,  and  two  pair  of 
ma^lse.  Of  the  remaining  somnites  eight  pertain  to  the  thorax,  and  carry  the 
foot  jaws  and  walking  hmbs,  while  six  are  abdominal  and  bear  swimming  limbs. 
These  higher  forms  do  not  go  through  the  Nauplius  stage  in  their  development, 
as  do  the  Entomostraca. 
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OBNBBA      CHARACTEB8  OF  ENTOHOeTBACA. 

The  Crustaceans  of  this  order  are  qaite  various  in  form,  habits  and  internal 
structure.  They  possess  specialized  jaws,  but  there  are  never  more  than  three 
pairs  of  qualities,  while  m  the  higrher  orders  there  are  often  six. 

The  somnites  of  the  abdomen  (that  portion  of  the  body  posterior  to  the  genital 
aperture)  are  devoid  of  appendages.  Though  the  study  o(  these  animals  is  v^cy 
fascinating  and  instructive  the  task  is  a  difficult  one,  both  on  account  of  the 
minute  size  of  most  of  them  and  the  great  difficulty  of  ascertaining  with 
what  organs  of  the  higher  forms  some  of  the  novel  instruments  seen  are 
homologous.  The  curious  misapprehensions  and  inaccuracies  into  which  authors 
have  fallen  still  further  complicates  the  matter. 

The  descriptions  of  these  organs,  and  their  functions,  must  be  taken  up  under 
the  divisions  of  the  order  and  treated  separately.  The  process  of  reproductioii 
is  particularly  interesting  in  this  group»  for  we  have  numerous  instances  of 
agamogenesis  and  the  Peotostraca  are  hermaphrodites  peculiarly  modified  Al- 
ternate generation  will  be  spoken  of  more  particularly  under  the  Daphnioidea. 
The  species  described  have  all  been  collected  and  compared  with  descriptions  of 
previous  authors,  the  new  species,  it  is  hoped,  will  be  found  sufficiently  well 
defined  in  connection  with  the  figures  given  to  permit  of  a  ready  identification. 

The  following  table  of  the  families  of  the  order  will  be  useful  for  reference, 
while  the  characters  upon  which  they  are  founded,  and  synonyms,  will  be  found 
in  their  appropriate  places. 

TABULAR  VIEW  OP  ENTOMOSTRACA. 

ORDER  ENTOMOSTRACA. 

LEGION  I.    LOPHYROPODA, 

TRIBE  I.    CYCLOPOiDEA  (here  used  as  equal  to  Copepoda  with  the  Pcecilopoda 
among  he  Cormoatomata  (or  Epizoa,) 
Family  1.    Calanidae. 
Family  2.    Cyclopidae. 
Family  3.    Corycaidse. 
Epizoa? 

TRIBE  II.    DAPHNioiDJS.     (Cladocera.) 

Family  1.  Penilidse. 

Family  2.  Daphnidae. 

Family  3.  Bosminidse. 

Family  4.  Polyphemidae.  . 

TRIBE  III.       CYPRIDiE. 

Family  1.    Cypridse. 

Sub-family  a,    Cyprinae.    (Cypridae  Bd.) 

Siib-family  h,    Cythrinfie.    (Cythridee  Bd.) 
Family  2.    Halocypridse. 

Sub-family  a,    Cypridininse.    (Cypridinadae  Bd.) 

Sub-family  b,    Halocyprinae. 
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LEGION  IL     PHYLLOPODA. 

TRIBE  I.     ARTBMIOIDBA.. 

Family  1.    Artemiadee.    (Branchipodidsd.) 
Family  2.    Nebaliodse. 

TRIBE  n.     APODIDiB. 

Family  1.    Apodidse. 

TRIBE  in.     LIMKADIOIDA. 

Family  1.    Limnadidse. 

Note — Other  genera  hare  been  added  to  those  given  by  Dana,  and  changes 
made.    The  £Eunily  EstheriadsB  seems,  howeyer,  to  be  equivalent  to  Limnadida. 

LEGION  I.    LOPHYROPODA, 

Bt^Zto^ropAy.— Lophyropa,  LatreilUy  Guv.  Regno  An.,  1677; 

Lophyropoda  (in  part),  LmcH^  Diet.  Sd.  Nat.,  XIV.,  554. 

Grai/,  Cat  Brit.  Crust.  Brit.  Mus.,  1850, 

100. 

Baird  Brit,  Entomost.,  138. 

Cranchiopodes  franges  (in  part),  Lamarh^  Hist.  Ans.  Vert. 
Characters, — ^Feet  normal  and  not  greatly  multiplied  in  number. 

TRIBE  I.     CYCLOPOIDBA. 

BibUogf'aphi/, — Cardnoida  (in  part),  Latreille. 

Copepodes,  Edwards,  Crust.,  iii.,  411. 

Copepoda,  Baird,  Trans.  Berw.  Club,  ii.,  1875. 

Baird,  Brit.  Entomost.,  182. 

Cophyropoda,  Burmeister,  Organiz.  of  Trilobites. 

Copepodita,  Gray,  Cat.  Brit.  Crust  Brit.  Mus.,  1850. 

Crustacea  copepoda  (Cydopacea),  Dana,  Proc.  Ardes.  Acad.  Sd. 
and  Art.,  1847. 

Cyclopoidea,  Dana,  Rep.  Wilkes'  Exp.  Ex.,  p.  1020. 
Characters. — Body  elongate,    straight,  never  incurved.     Cephalothorax  and 

abdomen  with  few  jointe.    Feet  and  jaws  16  to  18.    The  6-10 

posterior  thoradc  feet  are  double,  foliacecus,  with  the  last  often 

prehensile. 

This  is  a  very  extensive  and  widely  distributed  division,  and  there  is  a  greater 
unity  of  plan  seen  in  the  structure  of  the  animab  comprised  in  it  than  in  other 
divisions  of  similar  importance.  These  creatures  are  distributed  over  the  world, 
in  both  fresh  and  salt  water,  and  the  numbers  may  doubtless  be  reckoned  by 
thousands,  but  little  attention  has  been  devoted  to  the  subject,  and  our  knowl- 
edge is  quite  meagre. 
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The  Gyclopoidea  are  considered  the  highest  group  in  the  order,  approaching 
the  Mauroural  Crostaoeans.  The  body  is  not  covered  by  a  carapace,  as  in  the 
following  tnbes,  and  the  abdomen  is  extended  in  the  same  line  as  the  body,  and 
not  inciinred  as  in  Daphnioidea,  etc.  The  abdomen  is  terminated  by  two  styles 
which  bear  several  setse.  If  the  Epizoa  aie  to  be  admitted  into  this  tribe,  certain 
modificaticms  would  be  necessary,  which  we  need  not  discuss. 

The  cephalothorax  is  composed  of  from  four  to  seven  segments.  In  those  spe- 
cies having  four  segments,  the  first  bears  the  first  and  second  antennse,  mandi- 
bles, maadllsB,  maxillipods,  first  feet  and  one  pair  of  natatorial  feet,  while  the 
following  three  cany  the  remaining  pairs  of  natatores. 

Eyes  of  the  three  kinds :  1 .  A  pair  of  simple  internal  eyes  with  spherical  lenses, 
which  are  the  ordinary  kind.  These  are  usually  united  near  the  front  in  a  single 
very  small  spot,  though  they  are  sometimes  remote. 

2.  A  pair  in  an  elevation  on  the  under  side  of  the  head  between  the  antennae. 
The  pigment  is  often  like  a  piece  of  solid  indigo. 

3.  A  pair  of  simple  ^es  consisting  of  an  internal  prolate  lens  situated  at  the 
extremity  of  a  vermiform  mars  of  pigment  and  of  a  large  oblate,  lens-shaped 
cornea.    This  kmd  of  eye  is  found  in  the  Corycseidse. 

AfUennof.  The  antennse  are  of  two  pairs,  of  which  the  superior  are  organs  of 
locomotion,  and  usually  are  long  and  powerful.  In  the  males  of  many  species 
one  or  both  are  modified  to  form  a  joint  by  which  the  female  is  held  during: 
coition.    These  modifications  are  often  of  generic  importance. 

The  secondary  antennse  are  sul^ected  to  greater  changes  and  serve  various 
functions.  Sometimes  they  are  simple;  in  other  species  they  have  two  rami. 
They  are  often  prehensile,  and  when  simple  the  setse  at  the  end  are  movable  so 
that  they  assist  the  animal  to  creep  on  surfaces. 

The  mouth  is  situated  in  the  posterior  aspect  of  a  low  prominence  beneath  tlie 
head. 

The  mandiblee  are  variously  modified. 

The  fnaxUlof  are  one  to  four  jointed  organs. 

The  maxiUipede  are  always  simple,  or  if  divided  the  branch  is  rudimentary. 

Anterior  pair  of  legs  (or  second  maxillipeds).  These  organs  vajy  greatly  in 
form,  and  afford  means  of  generic  classification,  and  will  be  described  under  their 
appropriate  heads. 

Natatory  feet.  These  are  similar  to  those  of  other  Entomoetraca,  bearing  setae 
for  locomotion.  There  are  four  pairs,  and  sometimes  a  prehensile  or  abortive 
pair  following. 

The  heart  is  situated  in  the  posterior  part  of  the  thorax,  and  the  drculatiaa 
may  be  watched  as  the  blood  globules  circulate  between  the  tissues;  particulady 
in  some  transparent  species  of  Calanidse  these  may  be  well  traced  in  the  thorax. 

Nervous  system,  A  large  ganglion  exists  over  the  month,  and  sunounds  ihm 
oesophagus. 

This  tnbe  includes  three  fkmilies,  as  given  by  Dana,  but  the  Epizoa  must  prob- 
ably be  included  also.  The  family  Corycwidat  is  oceanic,  and  no  members  hav« 
been  found  in  our  locality. 

FAMILY  I.    Calanids. 

Bibliography,— Dana,  Wilkes'  Explor.  Ex,,  p.  1039. 

Characters, — Eyes  often  of  two  kinds,  the  upper  pair  being  simple  and  minute, 
with  their  pigments  either  separate  or  collected  into  one.     In 
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some  species  there  is  another  pair  beneath,  with  joined  pigments. 
Mandibles  and  maxillee  elongate,  carrying  a  palpus,  which  is  fur- 
nished with  sets.    Ova  sac  one.    First  pair  of  antennse  long, 
nnappendaged;  the  right  or  neither  having  a  gemculating  joint. 
Feet  of  the  first  pair  never  sub- prehensile  at  the  end. 
The  Calanida  are  divided  into  three  snb-feunilies,  only  one  of  which  has  been 
found  to  be  represented  in  our  locality,  however,  the  classification  will  be  indi- 
cated. 

SuB-FAMiLT  1.  CALANiNiR— Abdomen  of  moderate  length,  inferior  pair  of 
eyes  wanting.  Right  superior  antennae  of  male  without  a  geniculating  joint. 
Secondary  antennae  setigerous  at  the  end. 

Oenus  1.    Calanus,  Leach,  Dana. 
Genus  2.    Rhincalanus,  Dana. 
Ganus  3.    Cetoehilus,  Ooodsir. 
Genus  4.    Euchseta,  Philippi. 
Genus  5.    Undina,  Dana. 
SuB-FAHiLT  2.    OiTHONiNJS. — Abdomen  linear  produced,  scarcely  shorter 
than  the  cephalothorax.    Inferior  eyes  wanting.    Mazille  digitate  on  the  interior 
margin.    Superior  antennae  long,  few-jomted;  right  male  antenna  not  gemculate  * 
nor  movable  in  an  angle. 

SuB-PAMiLT  3.  PoNTELLiN^.— Abdomen  of  moderate  length.  Eyes  some- 
times of  two  kinds.  Antennae  long  and,  in  all  the  genera  but  Acartia,  having  a 
geniculating  joint.  Second  antennae  setae-bearing  at  the  end.  Posterior  feet  of 
the  male  thick;  the  right  prehensile. 

Genus  1.    Diaptomus,  Wegtu^ood. 

Genus  2.    Hemicalanus,  Dana. 

Genus  3.    Candace,  Dana. 

Genus  4.    Acartia,  Dana. 

QenuB  5.    Pontella,  (Pontia,  Edwards). 

Genus  6.    Catopia.  Dana, 

Genus  Diaptomus,  Westwood.' 

Bibliography. — Monoculus,  Linmeus,  Fabriciua  Jurine,  etc. 

Cyclops,  Muller,  Desmarest,  Manuel,  etc. 

Diaptomus,  J.  0.  Westtccod,  Partington's  Cycl.  Nat.  Hist.,  Ento- 
mologist's Text-book,  1838. 

W.  Baird,  Brit.  Entomost.,  p.  219. 

J.  D.  Dana,  Rep.  Wilkes'  Expl.  Ex.,  p.  1045. 

Cyclopsina,  M.  Edwards,  1840. 

Philippi,  1843. 

Baird,  Zoologist,  i.  66:  Trans.  Berw.  Glarb. 

Dana,  Proc.  Amer.  Acad.  Art  and  Sd. 

Omethina,    Templeton,  Trans.  Ent.  Soc.,  ii.,  118,  1838. 

Broteas,       Loren,  Kongl.  ret.  Akad.  Handl.,  1845,  p.  436. 
Characters.— 'T)[i<6  smaller  ramus  of  the  secondary  antennae  six  to  seven  jointed. 

Maxillipeds  scarcely  less,  often  larger  than  the  first  pair  of  feet. 

Posterior  pair  of  feet  in  the  male  thick,  the  right  prehensile, 

those  of  the  female  long  and  different  from  the  preceding  paurs. 

Ova  sac  one. 
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Of  the  two  spedeff  here  described,  one  is  certamly  a  member  of  this  genus, 
while  the  other  is  in  many  respects  more  like  Dana's  genus  HemicalanuB,  whidi 
difters  from  Diaptomus  in  not  having  the  posterior  feet  of  the  female  large  and 
stout  and  the  shorter  branch  of  the  secondary  antennae  without  the  numerous 
joints.  The  species  of  Hemicalanus  are  also  oceanic,  and  none  were  seen  to  have 
ova  sacs.  Both  our  species  have  single  ova  sacs,  while  one  is  not  evidently 
furnished  with  the  plurality  of  articulations  to  second  antennae.  Not  having 
given  a  lull  account  of  the  family,  it  may  be  well  to  mcorporate  a  more 
general  with  the  techmcal  description.  These  animals  are  usually  small, 
seldom  reaching  one-fourth  of  an  inch,  but  commonly  appearing  as  mere 
spec^  in  the  water.  The  body  is  canoe-shaped,  and  divided  into  two 
portions.  The  main  portion,  or  cephalothoraz,  is  usually  much  the  Icmgest 
The  antennae  are  the  organs  of  locomotion,  being  used  as  oars  in  the  same  man- 
ner as  the  **  water-boatman,''  etc.,  use  the  feet.  The  posterior  pair  of  feet  vaiy 
with  the  sexes,  aa  described  above,  the  four  following  pairs  are  swimming  organs, 
while  the  anterior  pair  are  modified  and  turned  forward. 

The  cephalothorax  is  more  often  seven  jointed  in  PontelUme  than  in  the  CoZ- 
anince  but  this  is  not  a  constant  character. 

Diaptomus  longioornit,  Herrick.* 

This  speodes  is  very  near  to  D.  castor  and  may,  indeed,  be  a  variety  of  that 
spedee,  it  differs,  however,  in  shape  and  color  from  figures  of  that  spedes,  and 
the  maxillae,  and  antennae  differ  considerably.  Cephalothorax  rather  long,  nar- 
rowly oval,  six-jointed;  superior  antennae,  rather  long  but  they  are  not  carved 
as  represented  in  Dr.  Baird's  figures  of  D.  castor.  The  male  right  antenna  has 
a  geniculating  joint  at  the  thirteenth  segment  which  is  armed  with  a  considerable 
curved  spine;  the  joints  following  are  more  or  less  enlarged  and  sometimes  coa- 
lesce, forming  in  extreme  cases  a  monstrosity  as  represented  in  Geo!,  and  Nat. 
Hist.  Rep.  for  1876.  The  secondary  antennae  are  two  branched,  the  outer  ramus 
being  three-jointed  and  armed  at  iJie  extremity  with  three  curved  spines,  form- 
ing a  sort  of  hand,  the  'middle  segment  also  bears  a  number  of  setae  on  the  inner 
margin,  the  minor  ramus  is  six  or  seven-jointed,  though  it  appears  three-jointed 
at  first,  the  middle  segment  being  sub-divided.  The  head  is  produced  into  a 
beak  m  front  but  it  is  much  smaller  than  in  the  following. 

The  maxillepedes  (or  first  pair  of  feet)  are  of  three  portions,  the  latter  two 
bearing  setae  which  are  directed  towards  the  head,  the  final  division  is  composed 
of  about  six  small  joints  each  bearing  a  tuft  of  the  sete.  The  remaining  pairs 
of  feet  are  alike,  each  having  two  setigiferous  rami.  In  the  female  the  fifl^  pair 
of  feet  are  prehensile  and  stout,  those  of  the  male  are  unlike,  the  nght  bdng 
long  and  the  other  rudimentary. 

This  spedes  is  very  brilliantly  colored,  the  tips  of  the  antennae  and  last  seg- 
ments of  the  abdomen  are  a  fine  bluish  purple,  while  the  body  is  vari^^ated  with 
red,  yellow  and  purple.  The  mass  of  eggs  is  also  a  beautiful  red.  Only  one 
locality  is  known  to  contain  the  creature,  though  it  may  be  abundant  in  the  more 
marshy  pools.  In  the  Rep.  of  the  Qeol.  Surv.  of  Minn,  for  1878  it  was  men- 
tioned and  a  figure  given,  but  erroneously  called  cyclops.    (See  plate  I.) 

♦See  D.  sanguineus,  Forbe9  in  111.  State  Mus.  Rep.  1876.  The  description  differs,  ap- 
parently, in  several  respects,  notably  as  to  color,  but  the  species  is  certainly  closely 
allied. 
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Diaptomut  pallidut,  Herriok. 

A  more  abundant  form  than  the  aboye,  thongb  less  strikinff  in  appearance,  is 
the  creatore  for  which  this  name  is  suggested.  The  cephalothoraz  is  more 
elongate  and  has  but  fiye  segments.  The  antennas  are  much  longer,  considerably 
exceeding  the  body  in  some  specimens.  The  joints  of  the  antennsB  following 
^e  geniculating  joint  are  not  united  or  modified,  neither  is  there  an  appen- 
dage to  the  segment  immediately  preceding.  The  whole  body  is  slender  and 
graceful,  resembling  Hemicalanits  but  the  fifth  pair  of  feet  is  not  obselescent. 
The  secondary  aniennee  were  not  noticed  to  have  the  multiplied  intermediate 
oints  in  the  minor  ramus,  but  such  may  be  the  case. 

This  animal  abounds  in  the  larger  lakes,  and  seems  to  prefer  pure  water,  while 
the  other  is  found  in  more  stagnan  twater.  These  creatures  are  not  found  infested 
by  bell  animalcules  and  desmids  as  is  the  cyclops,  probably  from  their  rapid 
motions  and  the  nature  of  their  haunts. 

D,  pallidus  may  be  at  once  distinguished  frpm  longicomis  by  its  lacking  the 
briUiant  coloring  of  the  other,  it  being  quite  colorless,  and  by  its  smaller  size. 

2>.  longicomis  is  65-1000  inch  in  length,  while  the  species  in  question  rarely 

exceeds  40-1000  inch.    The  eye  in  this  species  is  also  less  conspicuous.    (See 

plate  11.) 

FAMiLT  II.    CyclopidflB. 

Bxbliography.'-Dana,  Rep.  Wilkes'  Exp.  Ex.,  Vol.  XIV.  Part  2,  p.  1039. 
Characters, — Eyes  small,  simple,  usually  with  united  pigments.     Mandibles 
with  a  small  or  obsolete  palpus  and  few  setse.     Ova  sacs  one  or 
two.    Pnmary  antennae,  often  appcndaged.     Both  or  neither  of 
the  male  antennae  geniculate.    Feet  of  the  first  pair  more  or  less 
prehensile  at  the  end. 
The  prehensile  character  of  the  first  pair  of  legs  is  chosen  by  Dana  as  the  chief 
characteristic  of  the  family;  these  organs  sometimes  being  perfectly  prehensile, 
with  a  perfect  monodactyle  hand,  which  never  occurs  in  Calanidae.    These  ani- 
mals often  possess  appendages  to  the  first  and  second  segments  of  the  abdomen, 
as  see  plate  of  Canihocamptus, 

The  cephalothorax  has  little  variation  in  structure,  having  either  four  or  five 
segments.  The  anterior  antennae  are  more  often  much  shorter  than  the  body, 
and  if  either  of  them  is  modified  in  the  male,  both  of  them  have  a  geniculating 
point.  The  abdomen  is  five  or  six  jointed,  and  may  or  not  be  abruptly  smaller 
than  the  cephalothorax,  which  fact  forms  a  basis  for  generic  distinction. 

The  genus  Cyclops  possesses  two  ova  sacs/  while  the  reii  aining  genera,  so  far 
as  known,  have  but  one.  This  leads  to  the  division  of  the  family  into  the  two 
leading  sub-families.  The  third  sub -family  is  founde  I  by  Dana  upon  some 
sapphirina-like  species  of  doubtful  affinities,  described  by  H.  D.  S.  Goodsir. 

Sub-family  1  Cyclopinas^   Dana. 
Characters. — Ova  sacs  two. 

Genus  1.    Cyclops,  AfuUer, 
?  Genus  2.    Cyclopina,  Glaus* 

♦There  are  a  considerable  number  of  genera  of  the  following  sub-families,  etc.,  men- 
tioned in  ClauA*  "Zoologie",  which  are,  for  the  most  part,  not  described.  Since  I 
have  not  been  able  to  consult  the  works  in  which  they  are  defined,  and  since  he  seems 
not  to  recognize  many  of  tho^e  described  by  Dana,  and  to  disregard  his  classiflcaMon, 
the  deciphering  of  their  relation  and  situation  will  not  be  attempted  here. 


Digitized  by 


Google 


92  ANKUAL  REPORT. 

?  Genus  3.    Psammatlii,  Philippi,  Archly,  fiir  NatuigeBchicte. 
?  Genus  4.    Idomene,  Philippi,  **        **  ** 

?  Genus  5.    Euryte,  Philippi,  **        "  " 

GEHUs  1.    Cyolopt. 

Bibliography, — (See  Cyclops  quadricomis.) 

Characters. — Cephalotborax  four-jointed.     Anterior  antennse  of  the  female  not 

appenda^red;  of  the  male  both  ^reniculate.    Appendage  at  the 

base  of  abdomen  small.    Body  sub-cylindrical.    Feet  of  the  firit 

pair  didactyle. 

The  various  species  of  this  genus  are  found  in  inland  waters  the  world  over, 

being  essentially  fresh  water  animals,  in  a  few  oases  only  inhabiting  water  a 

little  brackish.    They  are  among  the  most  abundant  of  all  the  individoaLs  of  the 

order,  every  standing  pool  abounding  in  them;  they  are  also  eztremelj  variable 

both  in  dift'ercnt  stages  of  the  same  animal,  in  the  different  sexes  and  in  different 

locahUes. 

The  young  stages  of  Cyclops  have  been  named  as  distmct  species,  in  so  far  that 
the  same  animal  has  been  honored  with  three  or  four  different  tiUes  between 
birth  and  maturity.  In  our  own  locality  many  forms  have  been  found,  and  it  is 
quite  likely  that  careful  study  would  enable  us  ce  distinguish  several  species  and 
numerous  varieties,  but  such  is  the  extreme  variability  of  the  one  known  to  exist 
here,  that  it  is  not  now  possible  to  draw  a  dividing  line  between  the  varying 
forms,  so  that  all  that  is  attempted  is  to  give  a  general  view  of  the  species,  and 
leave  further  definition  for  more  minute  investigation. 

Cyolopt  quadricomis,  MuUer. 

Bibliography. — ^Monoculus  quadricomis,  lAnnanis,  Gmelin,  Scopoli,  Fabrieins, 

Jurine,  Sulzer,  Donovan,  Blumenbach,  Manuel,  Barbut,  Skate, 

Monoculus  apus,  Poda. 

Le  Monocle  ft  querie  fourchue.  Geoffroy, 

Le  Monocle  ft  quatre  comes.  De  Geer, 

Cyclops  quadricomis,  Midler,  Zool.  Dan.  Prod.,  2416, 1776. 

Raindhor,  Latreille,  Box,  Lamarck,  Baird,  Leach, 

Koch. 

Baird,  Brit.  Entomost,  p.  198. 

Cyclops  Geoffroyi,  Lamouelle,  British  Insects,  81. 

Cyclops  vulgaris,  Dismarest,  M.  Edwards,  Leach. 

Baird,  Trans.  Berw.  Club,  i.,  97,  (young). 

Gamer,  Nat.  Hist.,  Staffordshire. 

Pediculus  aquaticus,  Baker,  Empl.  for  Micros.,  388. 

Satyr.  Baker. 

Nauplius  saltatoriuo,  MuUer,  Zool.  Prod.,  No.  2378. 

Four-homed  Cyclops,  Prichard,  Micropcop.  Cab. 

Cyclops  quadnoomis  of  most  recent  writers. 
The  full  grown  female  is  often  of  considerable  size,  attaining  the  length  of  .09  in. 
or  more.     The  male  is  smaller,  and  there  is  every  possible  gradation  between 
the  above  and  small  forms  scarcely  perceptible  to  the  unassisted  eye. 

The  cephalothorax  is  usually  re^larly  oval,  but  varies  from  shoit  oval  to 
oblong,  it  is  composed  of  four  segments,  of  which  the  anterior  one  is  largest. 
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equaling  or  ezoeedm«r  the  remaining  three.  The  superior  antennas  rary  in 
length  and  form.  Their  shape  is  that  of  a  letter  s.  In  the  male  both  antennae 
possess  the  hinge,  or  geniculating  joint,  which  serves  as  a  hand  for  retaining  the 
female  dunng  copulation.  The  antennsB  are  about  twenty-six  jointed,  and  fiir- 
nished  with  numerous  setsB.  The  secondary  antennae  are  four-jointed,  and  have 
six  setae  at  the  end,  serving  as  organs  of  prehension. 

Tlie  mandibles  are  ovoid  bodies,  terminating  in  short  teeth,  and  carrying  a  sort 
of  palpus  ot  two  filaments. 

The  maxillipeds  are  somewhat  similar  but  are  furnished  with  two  toothed 
processes. 

The  first  pair  of  feet  are  organs  of  prehension,  having  two  rami,  of  which  the 
smaller,  a  three-jointed  organ,  springs  from  the  base  of  the  outer  or  main  branch. 

The  basal  joint  of  the  outer  ramus  besides  bearing  the  other  has  two  projec- 
tions on  the  mner  side,  the  second  joint  is  hook-shaped,  as  is  the  final  and  small- 
est segment  which  springs  from  it.  The  four  following  pairs  of  feet  are  composed 
of  two  rami,  each  consisting  of  three  setae-bearing  joints,  as  see  plate  of  Cyclops. 
There  is  also  a  pair  of  appendages  at  the  base  of  the  first  segment  of  the  abdo- 
men. The  abdomen  is  six-jointed,  the  final  joint  somewhat  bifid,  each  side 
terminating  in  a  caudal  stylet  between  which  is  located  the  anus.  ' 

These  stylets  give  rise  to  two  small  setae  on  the  outer  margin  and  four  at  the 
extremity.  The  inner  pair  of  filaments  are  usually  much  the  longest,  and  are 
also  diiierent  from  the  others  in  having  a  jomt  near  the  base  which  gives  greater 
freedom  to  their  motions.  The  setae  are  usually  barbed  backward,  and  in  old 
individuals  are  most  beautifully  pectinate.  In  canes  where  the  moulting  has  been 
arrested  these  and  the  other  hairs  attain  a  curiously  long  growth,  as  illustrated 
in  the  plate,  and  the  barblets  become  filiform  appendages. 

The  digestive  canal  begins  near  the  front  of  the  thorax  and  can  be  traced  to 
the  anus.  The  ovaries  are  two,  and  are  easily  seen  in  the  body,  and  communicate 
with  external  ova  sacs.  After  the  eggs  are  extruded  from  the  ovary  into  the 
poaches  they  are  not  dependent  on  the  mother,  but  will  come  to  maturity  if 
separated  from  her.  •  These  eggs  vary  in  number,  old  individuals  laying  upwards 
of  forty.  It  is  calculated  that  in  one  year  a  single  female  would  have  becouce 
the  projenitor  of  4,442,189.120  young  so  that  the  abimdance  in  which  they  occur, 
notwithstanding  the  ravages  of  the  Hydrae,  and  other  enemies,  is  not  strange. 
A  single  copulation  fertilizes  the  female  for  life,  as  in  the  case  of  the  Aphides. 
The  eggs,  as  they  are  hatched,  descend  from  the  ovaiy  covered  by  a  transparent 
pellicle  in  which  they  remain  from  two  to  ten  days.  The  growth  of  the  young 
is  illustrated  in  the  plate,  the  operation  occupying  about  twenty  or  thirty  days. 
The  Cyclops  moults  a  number  to  times  during  its  life,  and  i  as  the  power  of 
replacing  lost  parts,  they  are  also  ver>'  tenacious  of  life,  often  reviving  after  being 
frozen  ior  a  long  time  in  the  mud  and  water,  which  foim  their  hiding  places. 
The  cyclopa  is  probably  both  camiverous  and  a  vegetable  feeder. 
Plate  III,  represents  the  usual  form,  the  figures  showing  the  difiei*ent  stages 
are  copied  from  Dr.  Baird's  Entomostraca.  Plate  IV,  gives  one  of  the  varieties 
collected  here  which  may  be  worthy  of  a  specific  name;  the  greatly  exaggerated 
caadal  filaments  and  general  hairiness  is,  however,  only  an  age-modification,  the 
color  of  this  vanety  is  dark,  while  the  eggs  in  the  sacs  are  pellucid.  Another 
Tariety  is  oblong  in  shape  and  lighter  in  color,  while  the  ^g  sacs  are  opaque. 
Stall  other  varieties  are  smaller,  and  vary  from  bright  red  to  green  in  color,  hav- 
ing  the  egg  sacs  diverging  from  the  abdomen.  There  seem  to  be  intermediate 
forms  and  it  is  best  to  await  fruiher  study  before  separating  these  varieties. 
(See  Plates  III.  and  lY.) 
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SUB-FAMILY  2.     HABPACTICINJS. 

Characters. --Kxtemal  ovary  only  one. 

*  Cephalothoraz  4-jointed. 
Genus  1.    Canthocamptus,  Westwood, 
Genus  2.    Harpacticus,  Edwards. 
Genus  3.    Westw^odia,  Dana. 
Genus  4.    Alteutha,  Baird. 
Genus  5.    Metis,  Philippi. 
•  Genus  6.    Clytemneetra,  Dana. 
Genus?.    Setelia,  Dana. 

**  Cephalotboiax  5-jointed. 
Genus  8.    Laophon,  Philippi. 
Genus  9.    Oncaea,  Philippi. 
Grenus  10.  jEnippe^  Philippi. 
Genus  11.  Idjra,  Philippi. 

Genua  1.    Canthooamptut. 

JBt(/to^rapAy.— Monoculus,  lAnnofus^  Fabricius,  Jurine,  etc. 
Cydops,  MuUer,  Ramdohr,  Latreillty  etc. 
Cyciopsina  (part),  M.  Edwards. 
Canthocamptus,   Westwood,  Partinfrton's  Cyclop.  Nat.  Hiat  art. 

Cyclops;  Entomologist *8  text-book,  115. 
Canthocarpus,  Baird^  Trans.  Berw.  Nat.  Club. 
Harpacticus  (part)  Dana^  Proc.  Amer.  Acad.  Arts  and  Sd.,  1847. 
Nauphilius,   Philippi,    Ann.  Mag.  Nat.  Hist.,  1840;  Wiesm. 
Archer,  1843. 

Characters.— Body  scarcely  flattened,  generally  linear  or  narrow.  Feet  of  the 
first  pair  (second  jaw  feet  of  Baird)  more  often  small;  thoee  of 
the  second  pair  with  two  rami,  rami  three  jointed.  AntennaR  of 
the  female  with  an  appendage  at  the  end  of  the  fourth  joints 
those  of  the  male  both  with  a  geniculating  joint.  Appendix  to 
base  of  the  abdomen  small.  Generally  no  sudden  transition  fix>iii 
the  segments  of  the  thorax  to  those  of  the  abdomen. 

Canthocamptus  minutua.    Bd. 

Bibliography. ^Cydop^  minutus,  Muller,   Zool.   Dan.  Prod.,  No.  2409,  1776; 
Entomostraca,  101,  t.  17,  f.  1-7. 

Ramdohr,  Beyt,  zur  Naturg.,  10-13,  t.  3,  f.  1-9. 

LaireiUe,  Hist.  Nat.  Crust.,  IV.  266. 

Bosv,  M^m.  Hist.  Nat.  Crust.,  ii.  257. 

Lamarck,  Hist  Aus.  Vert.,  V.  189. 

Baird,  Trans.  Berw.  Nat.  Club,  i.  97, 62,  f.  1,19,20,  etc 

Monoculus.  Gmelin,  linn.  Sgot.  Nat.  Edit  13th,  L  2997,  Ko.  11. 

Fabricius,  Ent  Syst.,  ii.  499,  No.  45. 

Manuel,  Encyc.  mith.,  vii.,  719,  t.  267. 

Monoculus  staphylinus,  Jurine,  Hist.  Nat  Monoc.,  74-84. 

Cyclops Desmarest,  Cons.  Gen.  Crust  363,  t  53. 

Baird,  Trans.  Berw.  Nat.  Club,  i.  97. 
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Small  Cyclops  or  Vanlter,  Prichard,  Mec  Cab.,  t.  9,  f.  7. 
Amyone  satyra  and  Baecha,  Muller,  Entomoet.,  42 1  2  (young). 
Der  Satyr,  Kohlera. 

Prichard. 

Cydopdna  staphylinus,  M,  Edwards^  Hiii  Nat.  Crust.,  iii.  428. 

Canthocarpus Baird,  Trans  Bew.  Club,  ii.,  154. 

Nauphilius  minutus,  Philippi,  Wdgm.  and  Erichs,  Ar.  1843,  69. 
Doris  minuta,  Koch,  Deutsch,  Crust,  li.  XXXV.  t.  3, 1841. 

Variety  oooidentalit.    Herrick.* 

Description,  etc. — ^This  Tariety,  which  is  the  only  member  of  the  sub-family 
yet  distinguished  in  our  locality,  is  so  closely  related  to  the  type  of  the  species  as 
described  by  Dr.  Baird  that  it  is  with  much  hesitation  that  it  was  finally  concluded 
to  separate  it.  The  description  giy^i  will  apply  to  both,  with  such  exceptions 
as  will  be  pointed  out. 

Body  rather  long  with  no  obyious  distinction  between  the  segments  of  thorax 
and  abdomen,  composed  of  ten  segments,  which  taper  toward  the  tail.  Cephal- 
othorax  acute  in  front,  resembling  that  of  species  of  Calanue  (in  which  respect 
it  differs  from  Dr.  Baird  *s  figures  of  the  European  species)  forming  a  sort  of 
beak  below.  Viewed  from  the  side  the  shape  is  triangular.  The  primary 
antennsB  are  shorter  than  in  Cyclops,  and  those  of  the  males  more  altered  than 
is  usually  the  case  in  that  genus.  In  the  male  they  consist  of  seven  joints,  the 
fourth  of  which  is  much  enlarged. 

The  antennsB  of  the  female  possess  eight  or  nine  joints,  and  have  a  small  pro- 
jecting  appendage  from  the  extremity  of  the  fourth  segment.  The  secondary 
antennse  are  simple  with  two  or  three  joints. 

The  eye  is  bright  red  and  contrasts  finely  with  the  pale  yellow  of  the  body. 
The  mandibles  are  similar  to  those  of  the  cyclops.  The  maxillipeds  are  divided 
at  the  end  into  four  divisions  at  the  extremity  of  which  spring  three  or  four 


The  first  pair  of  feet  (or  second  foot-jaws  of  Baird)  are  small,  three-jointed 
organs.  The  final  joint  is  hook-like,  and  directed  forward  for  the  purpose  of 
arresting  food  particles  and  carrying  them  to  the  mouth. 

The  second  pair  of  feet  are  large  and  modified  in  form,  differing  fh>m  the 
natatorial  feet,  (they  form  the  basis  of  classification  in  this  whole  sub-family). 
Each  is  composed  of  two  three-jointed  rami,  of  which  the  outer  one  has  the 
joints  nearly  equal  with  three  setae.  At  the  apex  of  the  final  one,  the  inner  ramus 
has  the  upper  joint  long,  almost  equalling  the  outer  ramus.  The  second  joint  is 
shorter  and  with  the  final  one,  which  carries  at  the  extremity  three  long  setse, 
is  serrated  on  the  anterior  margin.  This  ramus  is  directed  forward  also.  The 
three  following  pain  have  the  rami  unequal  but  both  with  three  joints. 

The  sexual  openings  are  at  the  base  of  the  sixth  segment.  In  copulation  the 
males  seize  the  caudal  stylets  with  the  genicnlating  joint  of  the  primary  antenne 
and  are  bourn  about  rapidly  by  the  female. 

In  most  of  the  females  seen  there  was  a  organ  attached  to  the  vulva,  it  consists 
of  a  long  flexible  stalk  terminated  1:^  a  cylindrical  or  club-shaped  mass,  which 
may  be  dark  brown,  red  or  pellucid. 

*S.  A.  Forbes  describes  a  species  in  Beport  111.  Mus.  Nat  Hist,  the  characters  of 
which  I  have  not  been  able  to  compare  with  our  specimens,  but  it  seems  distmct 
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It  was  conjectured  by  M.  Siebold  that  these  were  similar  to  the  seminal  tabes 
disoorered  by  him  apon  Diaptomus.  The  act  of  copulation  in  Diaptomos,  as 
described  by  him,  is  so  strange  and  improbable  that  it  is  hard  to  accept  without 
some  hesitation.  He  says  that  **the  male  does  not  accomplish  a  tme  coition  but 
attaches  to  the  female,  daring  copulation,  a  tube  containing  spermatic  liquor. 
This  tube  contains,  beside  the  zoosperms,  two  substances  of  which  one  swells  by 
the  influence  of  water,  and  chases  out  the  whole  contents  of  the  tubet  The  other 
substance  coagulates,  leaving  in  the  middle  of  the  mass  a  canal  by  which  the 
zoosperms  arrive  at  the  vulva.** 

In  the  case  of  the  Canthrocamptus,  however,  the  appendage  is  apparentiy  of  a 
different  nature,  being  corneous  and  harder  than  the  rest  of  the  animal,  more- 
over in  no  case  have  more  than  one  of  these  been  observed  on  the  same  female. 
Jurine,  howf  ver,  says  that  this  body  is  never  seen  till  after  she  has  several  times 
laid  eggs.  Dr.  Baird  adds  that  he  has  never  seen  more  than  one  on  the  same 
female,  and  that  no  naature  female  is  met  without  it,  even  though  the  ova  are 
attached.  My  own  observations  accord  with  the  above,  but  I  am  unable  to  add 
any  suggestion  as  to  the  use  of  these  organs. 
*  The  females  are  larger  and  usually  darker  in  color  than  the  male. 
JJoM/o^.— Shallow  lakes  and  pools;  everywhere  abundant. 

This  species  will  repay  well  patient  study,  and  from  its  abundance  is  easily 
found.  This  western  variety  is  distinguished  from  the  eastern  type  by  the  shape 
of  the  head,  the  greater  brevity  of  the  caudal  stylets,  the  shape  of  the  ova  sac, 
the  greater  size  of  the  fourth  joint  of  the  male  antennse.  and  otho:  minor  differ- 
ences, which  no  great  stress  is  laid  upon,  however;  and  these  variations  may  be 
due  to  inaccuracies  of  the  drawings  of  Baird's  book.    (See  plate  V.) 

Sub-family  3.     Steropinof,  Dana. 

Characters,— Form  somewhat  like  Sapphirina,  but  the  eyes  minute,  and  gener- 
ally situated  in  a  prominence  in  the  front.    Superior  antamse 
short    Feet  of  the  first  pair  monodadyl  as  in  Ccmt)  cseddae.    Caa- 
dal  stylets  short,  sub-cylindrical. 
QennB  1.    Zaus,  Goodsir. 
Genus  2.    Sterope,  Goodmr. 
No  member  of  the  family  was  met  with. 

FAMILY  III.     CORTCiBIDJE. 

The  species  are  all  oceanic    A  species  of  Sapphirina  is  figured  in  the  Rep.  of 
Fish  and  Fisheries  for  1871  and  1872. 

TBiBB  n.    DAPHKioiDBA.    Dana. 

Bibliography,— DsL^hnioidoo^  Dana,  Rep.  Wilkes*  Expl.  Ex.,  p.  1262. 

Cladocera,  Baird,  Brit.  Entomost  p.  62, 1850. 

Burmeister,  But.  zur  Naberg.    Der  RankenDfiss. 

Daphnides,  Straus,    Mem.  Mus.  d^Hist.  Nat. 

Daphnoides  on  Cladoc^res,  M,  Edwards,  Hist.  Nat.  Brust.,  lii.  372. 

Lucas,  Exp.  Sc.  de  I'Algine. 

Characters. — ^This  tribe  which  corresponds  with  the  order  Cladocera  of  Baird 

and  some  recent  authors,  is  charac-terised  as  having  the  whole 
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body,  exclasive  of  the  head,   (which  is  covered  with  a  separate 
and  similar  plate)  indaded  in  a  large  carapace,  which  is  open 
below  and  behind,  permitting  the  protnision  of  the  posterior  por- 
.tion  of  the  abdomen,  and  allowing  currents  of  water  to  pass  with- 
in, both  for  respiratoiy  purposes  and  to  carry  to  the  mouth  parti- 
cles of  food. 
The  carapace  is  composed  of  three  parts,  in  one  species  at  least,  and  it  would 
seem  that  this  is  the  iypical  structure.    The  middle  plate  (in  Daphnia  yetula) 
lies  oyer  the  dorsal  region;  the  other  two  spring  from  it,  flanking  |it  on  either 
side,  and  forming  the  bulk  of  the  shield.    We  would  suggest  the  probable  simi- 
krify  of  the  central  shield  to  the  caudal  shield  of  other  crustaceans,  ^d  the 
possibility  that  the  now  larger  portions  ought  really  to  be  considered  as  accessory 
simply. 

TheDaphinddea  possess  from  four  to  six  pairs  of  foliaoeousjappendages,  or 
branchial  feet  which  do  not  assist  in  locomotion.  The  eye  is  apparently  single 
and  is  a  very  prominent  organ  in  all  the  members  of  the  tribe,  it  is  large  and 
frimished  with  numerous  lenses. 

The  superior  antennsB  are  small,  often  obsolete,  and  except  in  Bosmina  only 
one  or  two-jointed.  The  inferior  antennse  are  large,  being  the  true  organs  of 
locomotion,  and  several-jointed. 

The  abdomen  is  incurved,  mobile,  furcate  at  the  extremity  .and  bears  two 
prominences  on  the  dorsal  angle  which  are  the  origin  of  setse. 

The  carapace  is  often  beautifully  reticulated  and  sometimes  there  are  more 
than  one  sort  or  series  of  these  markings.  The  Daphinoide  are  distinguished 
from  Cyproidea  by  the  presence  of  posterior  foliaceous  legs,  which  is  considered 
by  Dana  as  of  greater  importance  than  the  more  obvious  pecnliarily— the  ex- 
clusion of  the  head  from  the  carpace. 

Prof.  Dana  has  united  the  genera  of  Dr.  Baird*s  Daphniadw,  Polyphemidm 
and  lAfnceidtB  in  this  tribe,  and  this  seems  apxvropriate,  since  there  cannot  cer- 
tainly be  as  wide  a  gap  between  Daphnia  and  Lynceus  as  between  the  curious 
Bosmina  and  Daphnia^  yet  the  latter  two  were  united  in  one  ftunily  and  Lyncens 
separated  as  totally  distinct.  The  chief  peculiarities  whichlead  to  the  separation 
of  LynceidsB  were  first,  the  fiact  that  they  possessed  in  front  of  the  eye  a  ''  black 
spot**  of  unknown  use,  and  second,  that  the  head  was  produced  in  front  to  form 
a  more  or  less  prominent  beak. 

But  it  has  since  been  ascertained  that  the  black  spot  is  a  common  feature 
among  the  species  of  the  whole  tribe  and,  according  to  modem  authors,  is  in 
someway  connected  with  the  base  of  the  superior  antennsd  and  serves,  probably, 
as  an  organ  of  hearing. 

rhe  characters  of  the  head  seem  to  have  been  misunderstood.  In  all  the 
species  of  the  Daphinoidea  which  I  have  examined,  the  head  seems  to  be  covered 
with  a  curved  plate  or  carapace,  within  whidi  is  the  insertion  of  the  organs  of 
the  head.  Now  a  little  change  of  position  under  the  microscope  serves  to  give 
to  the  anterior  portion  of  this  covering  on  acute  or  obtuse  appearance,  depend- 
ing on  which  side  of  the  carapace  is  in  the  focus  of  the  instrument  As  the 
shape  <^  the  beak  is  used  as  a  generic  character  in  this  sub-division  it  seems 
qnite  probable  that  the  matter  will  need  further  revision.  The  ftct  that  the 
intestine  is  or  is  not  convoluted  was  shown  lyy  Dana  to  be  of  no  generic  im- 
portance. 

The  characteristics  of  the  tribe  may  be  best  seen  as  illustrated  in  the  subdi- 
visions. 
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FAMILY  1.    PBiciLiDiB.    Dana. 

BibUography, — Penilidse,  Dana.  Pro.  Amer.  Acad.  Sd.,  ii.,  47, 1$49. 
Sidina,  Baird^  Brit.  Entomost,  106. 
SididfiB,  Ch-ay,  Cat.  Brit.  Crust.  Brit.  Mub.,  93,  1850. 
Characters, — Foliaceous  feet  twelve,  narrow.    Anterior  antennae  obtolescent. 

Genus  1.    Sida,  Straus.    Posterior  antenns  with  the  longer  ramus 

three-articulate,  shorter,  two-articulate.    Head  not  beaked  below. 
Genus  2.    Daphnella,  BaiVe^.    Both  rami  of  posterior  antennsB  two- 
jointed.    Anterior  antennae  borne  by  the  middle  of  the  under  aspect 
of  the  head. 
Genus  3.    Penilia,  Dana,    Both  rami  of  the  posterior  antennae  two- 
jointed.    Head  short,  produced  below.    Primary  antenns  borne  on 
the  extremity.    Species  marine. 
?  Genus  4.    Latona,  Strauss.     Posterior  antennae  having  three  one- 
articulate  ramL 
Only  one  species  of  this  family  has  been  met  with,  which  is  here  described. 

Genus  *!. 

8ida,  (Straus.) 

Bibliographif.Sidsk,  Straus^  Miim.  Mus.  Hist.  Nat.,  v. 

M.  Edwards. 

Baird. 

Dana. 

Daphnia,  MuJUer* 

Latreille,  etc. 

Monoculus,  De  Oeer, 

Jurinst  etc. 

Generic  Character s.-Sn^pecior  antennae  of  moderate  size.    Longer  rami  of  infer- 
ior antennae  with  three  articulations,  shorter  rami  with  two. 

Inferior  antennae  very  large  and  powerfuL 

Bida  erystallina,  MuUer. 

Bibliographif.'^DtcphiM  erystallina,  MuUer^  Zool.  Dan.  Prod.,  No.  2,405, 1,776, 
'  Daphnia  erystallina,  Muller,  Entomost.,  96, 1. 14,  f.  1-4. 

LatreilU,  Hist.  Nat  Crust.  17^  230. 

Bose,  Minn.  d'Hist.  Nafc.  Crust  II.,  281. 

Sida  crystaUina,  Straus,  Minn.  Mus.  Hist  Nat,  Y. 
Sida  erystallina.  If.  Edwards,  Hist.  Nat.  Crust.,  III.,  383. 
Monoculus  erystallina,  Gmelin,  Linn.  Lyst.  Nat.,  edit.  13th,  L 
3,000,  No.  29. 

Manuel,  Enc  Mith.,  VH.  724,  t  265, 

f.  15-18. 

Fdbricius,  Ent  Syst.,  11.  493. 

Monoculus  elongatus,  De  Geer,  Mem.  Servis  Hist.  Ins.,  YII.  470, 
t  29,  f.  1-4, 1,778. 
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Deicription,  etc,— General  shape  that  of  an  elongate  rectangular  prism,  or 
Bub-cyHndrical.  Carapace  elongate  oval,  truncate  before  and  behind,  very  trans- 
parent, being  obvioufily  reticulated  only  near  the  anterior  portion. 

Head  large,  obtuse  in  both  vertical  and  horizontal  aspect,  furnished  with  a 
projecting  disc  or  plate  on  the  posterior  part  of  upper  surface.  Eye  round  and 
rather  large,  red,  with  many  oomese. 

Superior  antennee  are  quite  observable,,  being  rather  long  and  armed  with 
four  bristles  on  the  extremity. 

Inferior  antennsB  very  large.  The  basal  joint  is  cylindrical,  very  large  and 
fleshy,  and  wrinkled  so  as  to  appear  many  jointed.  The  two  rami  are  unequal 
and  rather  short.  The  outer  ramus  has  three  articulations.  The  first  is  short 
and  furnished  with  a  minute  spine.  The  second  is  longer  and  has  three  strong- 
jointed  setae  on  the  inner  margin,  and  a  spine  near  its  articulation  with  the 
third,  which  is  of  nearly  the  same  length,  and  has  four  setsB  on  the  inner  margin, 
three  at  the  end  and  a  small  spine  at  the  upper  outer  angle. 

The  inner  ramus  has  two  unequal  joints,  the  lower  of  which  is  much  the  longer, 
and  is  furnished  with  a  spine  and  a  seta,  while  the  second  has  four  large-jointed 
setae  at  the  extremity. 

The  labrum  and  mandible  are  similar  to  those  of  Daphnia. 

The  feet  are  of  six  pairs,  which  are  described  as  follows: 

The  first  pair  consists  of  a  main  stalk  of  two  jomts,  of  which  the  first  has  four 
setae,  and  the  terminal  (or  "hand'')  joint  seven.  The  first  joint  also  has  two 
branchial  plates,  of  which  the  upper  and  smaller  possesses  nine  or  ten  short  setae 
and  one  jointed  and  plumose  filament,  while  the  lower  or  main  plate  has  about 
thirty  plumose  setae.  The  second,  third,  fourth  and  fifth  pairs  are  quite  similar, 
but  the  stout  setae  on  the  outer  margin  of  the  first  joint  are  replaced  by  a  trian- 
fcalta  plate  and  the  branchial  filaments  are  shorter.  The  sixth  pair  has  three 
articulations,  each  furnished  with  straight,  stout  spines,  and  is  curved.  The 
abdomen  has  at  its  extremity  two  strong,  curved  daws,  which  have  each  three 
spines  on  the  basal  half,  and  are  dentate  for  the  remainder  of  their  length;  it  also 
has  two  tubercles  at  the  angle  behind  each  of  which  bears  a  long  seta.  Between 
the  daws  and  these  knobs  are  two  rows  of  spines. 

The  ovary  contains  in  fiill  grown  females,  about  twenty  young,  which  resemble 
their  parent  from  birth. 

The  organ  on  the  top  of  the  head  is  used  as  a  sort  of  sucker,  by  which  the 
animal  adheres  to  water  plants. 

Their  motion  is  rapid  and  steady.  The  circulation  of  the  blood  can  be  seen 
through  the  transparent  walls  of  the  body  and  head,  as  in  the  front  part  of  the 
head,  where  the  minute,  colorless  corpuscles  are  easily  seen  coursing  from  above. 
There  appears  to  be  a  dorsal  vessel  just  above  the  intestine  in  which  these  glob- 
ules can  be  seen  as  they  pass  from  behind  forwards  to  near  the  juncture  of  the 
carapace  with  the  glabella  of  the  head,  where  is  an  enlargement  forming  the 
heart,  the  pulsations  of  which  are  uniform  with  the  motions  of  the  branchial  feet. 
The  motion  of  the  feet,  besides  the  aeration  of  the  blood,  propels  (as  in  others  of 
this  family)  a  strong  current  of  water  between  the  bases  of  the  limbs  toward  the 
mouth,  bringing  to  it  the  particles  on  which  it  feeds  and  which  it  has  no  other 
means  of  capturing. 

This  interesting  creature  is  quite  rarely  seen,  whether  from  its  redusive  habits 
or  actual  scarcity  I  do  not  know,  but  it  deserves  the  attention  of  students,  as  pre- 
senting, both  on  account  of  its  size  and  transparency  and  its  somewhat  aooma- 
lous  structure,  one  of  the  best  opportunities  of  investigating  these  little  known 
forms. 
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Habitat.—^'  Grassy  Lake/*  a  pond  tributaiy  during  high  water  to  Lake  Cal- 
houn, near  Minneapolis; , also  Diamond  Lake.  The  animal  seems  to  be  found  in 
lakes  not  completely  isolated,  and  does  not  prefer  so  muddy  a  situation  as  most 
of  the  Daphnioidea. 

The  structure  of  this  animal  was  compared  minutely  with  the  description  giyen 
by  Dr.  Baird  of  S.  CrystalUna,  and  is  beyond  doubt  identicaL  Plate9  Viand  VIL 

FAMILT  II.     DAPHNIDJS. 

Ba»{%rqpfty.— Daphnidffi,  Dana,  Rep.  Wilkes*  £xpl.  Exp.,  p.  1265. 

Dana,  Proc.  Amer.  Acad.  Sci.,  ii.,  1849. 

Daphnita,  Oray,  Cat.  Brit.  Crust.  Brit.  Mus.,  88. 

DaphniadsB,  (part),  Bafrd^Bnt.  Entomos.  62. 
C^rckJter*.— Foliaceous  feet  ten.    Anterior  antennse  one  or  two-jomted. 

1,  Head  large. 

Genus  1.    Dai^hnia,  Mutter,  (including  Ceriodaphnia  of  Dana,  wbidi 

di£Per  in  the  shape  of  the  reticulations  of  the  shell.) 
Genus  2.    Moina,  Baird, 
Genus  3.    Macrothrix,  Baird  (including  Acanthocerus  of  Schodler.) 

2,  Head  short. 

Genus  4.  Lynceus,  Mutter  (including  Eurycereus,  Chydorua,  Pera- 
cantha,  Pleuroxia,  Aeroperus,  Campotercus  and  Alona  of  different 
authors,  until  some  valid  generic  characters  are  announced.) 

Qenut  Daphnia,  Muller. 

Bibliography, —DaphniA,  Muller,  Zool.  Dan.  Prod. 

Mutter,  Entomost. 

Straus,  Desmarest,  Latreille,  ete. 

Monoculus,  LAnn<Bt€8,  Poda,  Blumenbach,  De  Oeer,  etc. 
The  DaphnisB  are  among  our  most  abundant  and  roost  interesting  Entomostxaca, 
occurring  in  stagnant  water  everywhere,  they  are  very  prolific  and  voracioos. 
This  genus  is  confined  strictly  to  fresh  water. 

The  general  characters  will  be  gathered  from  the  description  of  the  tribe  and 
of  the  species.  The  superior  antennae  are  usually  rudimentary  and  hidden,  bat 
vary  with  the  sexes.  The  most  prominent  organs  are  the  inferior  antenne, 
which  are  large  and  powerful.  They  consist  at  the  base  <^  a  single  large,  fleshy 
joint  which  has  all  possible  play  upon  its  attachments.  This  joint  supports  two 
branches  of  nearly  equal  length,  but  the  outer  is  usually  four-jointed,  while  Uie 
inner  has  but  three  articulations.  Each  of  the  last  three  is  fomished  with  a 
long  seta  which  is  jointed  at  the  middle,  and  usually  pednate,  forming  a  fine 
swimming  organ.  The  eye  is  a  large,  conspicuous  organ  near  the  front  and  la 
so  furnished  with  muscles  that  it  has  a  semi-rotation.  This  oigan  occuineB  a 
prommence  on  the  underside  of  the  head,  which  projects  badcward  supportmg^ 
the  minute  antennae  and  the  black  spot  before  noticed.  Baird  says  that  the  ^ye 
was  mistaken  by  one  author  for  the  stomach.  The  chief  ganglion  of  the  nervous 
system  lies  near  and  communicates  with  the  eye.  The  mouth  lies  at  the  bade  of 
the  prominence  described,  and  is  armed  with  a  labrum,  a  pair  of  mandibles  aad 
a  pair  of  jaws.    For  particulars  of  structure  see  plate  IX. 
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Th(^  digeetiTe  system  is  the  most  conspicaous  part  of  the  creature  when  filled. 
It  is  then  often  of  a  brillant  green  color,  extending  along  the  whole  dorsal  region. 
The  cesophagos  is  short,  opening  into  the  stomach  just  behind  the  brain  gang- 
lion. From  this  point  the  stomach  curves  upward  and  extends  thence  through 
the  whole  length  of  the  Einimal.  The  contractile  vesside  above  the  stomach  is 
quite  an  obvious  feature,  but  Gruithuisen  sayb  there  are  two  hearts,  one  venous, 
the  other  arterial,  but  this  is  probably  not  established,  though  the  existence  of  a 
dorsal  vessel  above  the  stomach  is  probable  from  analogy  and  observed  appear- 
ances. 

The  legs,  which  are  of  five  pairs,  vary  considerably,  but  the  same  plan  is  pre- 
served. At  the  base  of  each  is  a  branchial  plate  ^mished  witl^  fine  branchial 
filaments  corresponding  to  gills,  while  the  remaining  portions  of  tlie  leg  serve  to 
create  currents  of  water  toward  the  mouth.  The  result  is  a  vigorous  current 
between  the  legs  under  th'e  body,  which  transports  the  food  partides  to  the  max- 
illae. The  ovaries  are  along  the  sides  of  the  abdomen,  and  the  ova  are  normally 
hatched  within  the  shell  of  the  parent  above  the  abdomen. 

These  creatures  have  been  supposed  hermaphroditic,  from  the  extreme  scardiy 
of  the  males,  but  they  are  in  this  respect  like  the  Aphides,  being  parthenogenetic. 
Besides  the  ova  which  are  hatched  within  the  shell  of  the  living  parent,  another 
method  is  seen.  The  outside  of  the  carapace  grows  opaque,  and  finally  two  spots 
appear  within  which  are  the  eggs.  When  the  moult  takes  place,  the  carapace 
with  its  burden  is  left  in  the  water  until  a  favorable  time,  when  the  eggs  hatch. 
This  obviously  is  a  protection  against  the  cold  of  winter,  for  the  ephippium,  as 
the  carapace  thus  loaded  is  called,  is  thick  and  homy.  The  ephippia  may  be 
observed  in  winter,floating  about  in  the  water,  often  in  abundance.  (See  plate 
IX.) 

Daphnia  Pulex. 

BibUography.—^onocoluB  pulex,  Linnceus,  Sys.  Nat.  10  Ed.,  i.,  635,  No.  4, 1758. 

Gmelin,  Syst  Nat.  18th  Edit.,  L,  2999,  No.  4. 

Poda,  Ins.  Mus.  Grsecus,  124. 

Muller,  Faun.  Insect,  Fredrichsdalens,  95. 

Blumenhacht  Handbuch  der  Naturg.,  399. 

^      Manuel,  Enc.  nieth.,  VII.,  722,  No.  15,  t.  265,  f.  1-4. 

Fabricius,  Entoml.  Syst,  ii.,  497. 

Lecich,  Encyc.  Brit.  art.  Entoml. 

Jurincy  Hist,  dee  Monoc.,  85. 

Cutter,  Tab.  Element.,  455. 

Daphene  pulex,  Mtaier,  Zool.  Dan.  Prod.,  199,  No.  2400, 1776. 
Daphnia  pulex,  LcUreille,  Gen.  Crust,  et  Ins.;  Hbt.  Ni^.  gen. 

et  part.,  des  Crust;  R^gne  Anim.  Cnv. 
Lamarck,  Hist.  Nat.  des  An.  s.  Vert.  Edit.f2,  V., 

181,  No.  1. 
-^— —  Lamouelle,  British  Insects,  81. 

Straus,  Mem.  der  Mus.  d'Hist.  Nat.,  v.  t.  29. 

— —  Demarest,  Consid.  g^n.  sur  les  Crust.,  372,  t.  54. 

Baird,  Ann.  Nat.  Hist.,  i.,  254. 

M,  Edwards,  Hist.  Nat.  des  Crust 

(ruerin,  Iconograph.  Crust.,  t.  33. 

Daphnia  pulex,  0.  Fabricius  Faun.  Greenland.,  263. 
Leach  Edm.  Enqrc,  vii.  art.  Crastaceol. 
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Daphnia  pennata,  Muller,  Entomost.,  1. 12,  f.  4-7. 

Boae,  Man.  d'Hist.  Nat.  des  Crust.,  ii.,  280. 

Sehrank,  Faun.  Boic,  iii.,  264. 

Monoculns  pnlex  arborescens,  Linn,  Syst.  Nat..  4th  Edit.,  96. 

Pulex  arboreecens.  JStcammerdam^  Hist.  Nat.  Ins.  Gen.t  76, 1. 1, 
f.  0.  i).  c.  Biblia  Natura,  86,  t.  31,  f.  1-3. 

Go€ze  Naturfoecher,  pt.  7. 

Monoculus  pulex  i-amosus,  De  Geer^  M^m.  pour  servir  d  THist 
Ins.,  vii.,  442. 

Daphnia  ramosa,  Koch,  Deutsch,  Crust.,  h.  XXXV.,  t.  18. 

Daphnia  media,  Koch,  Deutsch.  Crust.,  h,  XXXVII.  t  1. 

Daphnia  ephippiata,  Koch,  Deutsch.  Crust.,  h.  XXXV  t.  16. 

PuckroA  branchu,  TremhUy, 

ViTater-flea  with  branchinjf  horns.  Baker,  Empl.  for  Micros. 

Pou  aquatique,  Jdbht,  Observ.  d'Hist.  i^at. 

Le  Perroquet  d^can,  Geoffroy,  Hist,  abr^g.  Ins. 

Vermes  minimi  rubri,  Merrett,  Pmaz  Res,  Nat.  Brit. 

Ammaletti  aquatid,  Redi,  Asservazyoni.  Opere. 

Monoculus,  Bradley,  Phil.  Occ.  of  Works  of  Nature. 

Le  Puceron  verdatre,  Ledermuller, 
Var.  1,  Daphnia  longispina,  Muller. 

Latreille, 

B08C, 

Ramdohr, 

'       Lamarck, 

Straus, 

Demarest, 

M,  Edatarda, 

Koch, 

Monoculus  longispinus,  Fabricius, 

Manu$l, 

De  Geer, 

Schoeffer, 

Var.  2.  Daphnia  magna,  Straus, 

Demarest,  t 

3f.  Edwards, 

Description, — Carapax  oval  or  sub-quadrangular,  transparent,  more  or  len 
reticulated  on  all  or  part  of  the  surface.  Head  large,  more  or  less  beaked.  Su- 
perior antennsB  rery  small.  Inferior  antennae  strong  and  long.  The  superior 
antennsB  have  five  small  setae  at  the  apex,  while  the  inferior  pair  are  armed  witii 
the  usual  complement  of  setae,  which  in  this  species  are  finely  plumose. 

TheTcolor  of  this  animal,  which  is  our  commonest  and  one  of  the  largest  spe- 
cies, is  dependent  upon  the  food  taken  into  the  stomach,  which  extends  tlirough 
nearly  the  whole  length  of  the  body  in  all  the  species.  When  feeding  upon 
clean  vegetation  the  intestinal  canal  is  of  a  brilliant  green  hue,  while  at  oth^ 
times  it  is  dark  or  brownish.  In  England  they  are  often  of  a  bright  red  cda^ 
throughoutitbut  I  have  never  met  with  such  here. 

The  carapax  is  terminated  posteriorly  by  a  serrated  spine,  which  is  varioudy 
situated,  and  varies  also  with  the  age  of  the  animal.  In  one  variety  the  spine  is 
situated  at  the  upper  posterior  angle  while  in  others  it  sprinss  from  the  centre  of 
the  posterior  aspect.    In  the  young  the  spine  is  long,  almost  equaling  sometimea 
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the  carapax  in  lengfih,  but  at  each  successive  moulting  the  spine  is  found  to  be 
shorter.  The  upper  part  of  the  body  hius  four  projections,  one  of  which  is  longer 
than  the  others  and  serves  evidently  to  keep  the  ova  in  i>osition. 

Dr.  Baird  says  that  "  the  male  is  much  smaller  than  the  female",  which  is  the 
case  in  nearly  all  the  species,  '*and  the  superior  antennsB  are  much  larger  and 
spring  from  under  the  beak  instead  of  from  the  beak  itself.  The  inferior  extrem- 
ities of  the  valves  axe  more  densely  serrated  than  in  the  female.'* 

The  males  are  always  fewer  than  the  females.  The  motions  of  this  xareature 
are  quick,  spasmodic  leaps  through  the  water,  and  it  often  presents  a  beautiful 
appearance. 

Daphnia  Vetula. 

^i&Wo^rrap^y.— Daphne  vetula.  Mutter,  Zool.  Dan.  Prod.,  No.  2399. 

Daphnia  vetulo,  Straus,  M^m  Mus.  Hist.  Nat.,  V.,  t.  29,  f.  25-6. 

Baird,  Ann.  Mag.  Nat.  Hist.,  i.,  255,  t.  9,  f.  13. 

Daphnia  sima,  MulUr,  Entomost.,  91, 1. 12,  f.  11-12, 1785. 
LatreilU, 

B08C, 

Ramdohr. 

Gruithuisen, 

De8mar$8t, 

■  Lamarck, 

3f.  Edwards* 

Koch. 

Monoculus  sima,  Givelus, 

Manuel, 

Jurine. 

Monoculus  IfiBvis,  Fahricius, 

Monoculus  ezpinosus,  De  Geer. 

Monoculus  conchacus,  Donavaan, 

Ungeschwauzter-zackiger,  Wasserfloh,  Schemer, 

Monoculus  nasutns  ( ?)  Jurine. 

Monoculus  pulex,  Sulger.  * 

Daphnia  congener,  Koch. 

Daphnia  expinosa,  Koch. 
Description, — In  size  like  Daphnia  pulex,  spme  forms  of  which  it  resembles. 
Carapax  in  the  male  quadrangular  with  the  sides  nearly  parallel,  the  postenor 
prominence  being  near  the  dorsal  part  of  the  shell.  In  the  female,  however,  the 
prominence  is  near  the  middle  of  the  posterior  side,  while  the  carapax  is  widest 
near  that  extremity.  The  spine  usually  present  in  the  larger  Daphnidse  is  obso- 
lete, but  there  is  a  series  of  small  spines  or  teeth  on  the  upper  posterior  margin. 
The  lower  edge  is  strongly  ciliated.  The  carapax  is  strongly  lined  transversely. 
These  strise  arise  from  the  one  or  two  rows  of  hexagonal  cells  which  border  the 
lower  margin,  and  anastomose  occasionally,  giving  in  some  cases  a  reticulated 
appearance  to  the  shell.  The  head  is  very  small  proportionately,  rounded  in 
in  front,  and  rather  strongly  beaked  below. 

The  superior  antennae  are  quite  evident.  Inferior  antennae  large.  The  first 
joint  is  fleshy  and  stout,  margined  at  the  extremity  with  spines  and  sending  out 
three  branches,  of  which  the  two  large  swimming  organs  are  as  in  pulex,  having 
the  plumose  setae,  etc.  At  the  base  and  between  these  is  a  third,  consisting  of  a 
conical  i>omt  with  a  broadened  base  ending  in  a  spinous  appendage.    The  scuta 
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of  the  head  seems  wider  and  less  arched  than  in  other  spedes.    Jaws  long  and 
ending  in  a  circle  of  fine  tetth.    Feet  as  iapulex. 

Seen  from  above  tlie  carapax  of  the  body  is  found  to  consist  of  three  pieoes 
The  first,  which  might  be  termed  the  scatella,  is  a  small  shield  acljoinizig  the 
head,  and  the  two  principal  pieces  or  valves  of  the  shell  may  be  considered  as 
appendages  of  the  scatella.  These  pieces  may  be  compared  to  the  tergttm  and 
pleuran  of  trilobites. 

The  stnictmre  of  the  beak  and  its  relation  to  the  head  is  more  clearly  seen  tiiaiL 
in  most  of  the  Daphniss.  The  head  shield  as  seen  from  below  is  toansversdy 
sub-oval.  Directly  in  front  and  very  near  the  anterior  margin  of  the  skoll  is  an 
eye,  filling  a  circular  elevation  readiing  the  anterior  margin,  and  sending  cS 
posteriorly  a  ridge  or  straight  partition  which  divides  the  lower  aspect  of  the 
head  into  two  basin-like  cavities.  This  ridge  terminates  in  the  beak  whicdi  car- 
ries the  superior  antennae  and  the  black  spot  which  Huxley  calls  an  ocular  pig- 
ment, but  by  other  authors  is  thought  to  be  attached  to  the  auditory  apparatus, 
and  is  termed  by  Dana  the  ''otolites**,  following  Schoder  in  so  considering  it 
(See  Plates  X.  and  XL) 

Daphnia  Muoronata. 

BibUcgraphy.'-Dekphne  mucronata,  MuUer,  Zool.  Dan.  Prod.,  No.  2404, 1776. 
Dapnia  mucronata,  MuUer,  Entomst,  94. 

Deamarest,  Cons.  g^.  Crust.  874. 

LatreiUe,  Hist.  Nat.  Crust.,  IV.,  229. 

Bosc,  Man.  d'Hist.  Nat  Crust,  iL,  281. 

3f.  Edwards,  Hist.  Nat  Crust.  iiL,  382. 

Bairdf  Trans.  Berw.  Nat.  dub,  ii,  148. 

Monoculus  mucronatus,  Gmslin,  Linn.  Syst  Nat, 
edit  14Ui,  i.,  3,000,  No.  28. 

Manuel,  Enc.  Mith.,  t  265,  f.  19. 

Jurine,  Hist.  Nat.  Monoc.  137, 1 14,  f.  1,  2. 

Monoculus  bispinosus,  De  Geer,  Mem.  Servir.  Hist  Ins.,  VH., 
•       463, 1778. 

'-  FdbridMS,  Ent  Syst,  iii.,  493. 

Daphnia  bispinosa,  Koch,  Deutsch.  Crust,  h.  YIIL,  1. 1. 
Description. — G^eral  shape,  as  seen  from  above,  oval.  Lower  maigin  of  the 
carapax  straight,  terminated  posteriorly  by  a  curved  spine.  Head  triangular, 
obtuse  in  front.  Eye  large.  Superior  antennae  small.  Inferior  antennse  kmg. 
Lower  part  of  the  carapax  ciliated.  Color  dark.  Dr.  Baird  says  that  the 
form  of  the  head  varies  in  this  spedes,  being  sometimes  rounded  and  at  otfaen 
terminated  by  a  sharp,  somewhat  curved  point  directed  upwards. 

I  have  not  observed  in  any  of  the  many  specimens  seen  a  sharply  pointed  head; 
and  though  this  point  casts  some  doubt  on  the  identification,  eveiy  other  point 
in  his  description  seems  to  agree  very  well  with  our  spedes,  whidi  I  find  no  war- 
rant for  separating  from  D.  mucronata  var.  obtuse  rostrata. 

Habitat.— Ssoidy  Lake  (East  Minneapolis),  Claik*s  Lake,  Grassy  Lake,  etc. 
(See  Plnte  XII.) 

Daphnia  (Ceriodaphnia,  Dana)  Retioulata. 

Bibliographif,'—}llonocQlxiB  reticulatus,  Jurine,  Hist.  Nat.  Monoc.,  139,  t  14, 
f.  3,  4. 
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Daphnia  reticulata,  Deamarest,  OonB.  g4n  Crust.,  374. 
M.  Edwards,  Hist.  Nat.  Cmst.,  iii.,  381. 

Baird,  Trans.  Berws.  Nat.  Club,  ii.,  148. 

Daphnia  Tentrioosa  (?)  Koeh,  Deutsch.  Crust.,  h.  XXXY.,  t.  21. 
Daphnia  quadrancrula,  MuUer,  Ent.,  90, 1. 13.  f.  4. 

Latreille,  Nat.  Hist.  Const.  IV.,  227. 

Monoculus  quadrangula,  GtMlin,  Linn.  Syst.  Nat.,  2999,  No.  24, 

Monoculus  quadranguQaris,  Manuel,  Enc.  Mith.,  Vll.,  723,  No.l5. 

Monoculus  quadrangulus,  Fahricius,  Ent.  Syst.,  ii.,  492. 

Nate, — I  was  not  able  to  fully  satisfy  myself  that  this  is  certainly  identical 

with  the  species  described  by  Baird  but  there  are  no  good  reasons  for  believing 

it  a  distindi  species.    It  is  round  enough  for  D.  rotunda.    There  is  an  evident 

spine  on  the  posterior  angle  of  the  shell,  though  it  sometimes  is  almost  obsolete. 

The  reticulations  are  hexagonal  (?).   The  color  in  the  specimens  examined  ia 

greenish,  and  moreover  the  superior  antennsB  agree  better  with  reticulata  than 

rotunda.    The  tdze  is  small. 

Description, -^msi}!  (.02  in.  or  over).  Carapace  oval  and  comparatively  very 
broad,  covered  with  hexagonal  markings.  Head  small  as  compared  with  the 
body,  and  more  nearly  at  right  angles  with  it  than  in  most  of  the  Daphnie. 
Thore  is  also  a  slight  depression  a  little  in  front  of  the  juncture  with  the  body. 
Superior  antens  rather  larger  than  in  most  Daphnise,  and  somewhat  movable. 
Inferior  antennse  quite  large.    Beak  none.    Feet  as  in  the  larger  species. 

This  species  is  very  active  on  account  of  the  length  of  the  antemuB,  which  have 
shorter  spines  (not  plumose)  than  Z>.  pulex.  It  presents  a  robust  appearance  in 
swimming  either  on  its  back  or  face,  since  it  is  much  broader  in  proportion  than 
most  other  species. 

Habitat, — ^Lake  Amelia,  Grassy  Lake,  etc.  Not  very  abundant  but  widely 
distributed. 

Baird  says  of  this  species :  **  The  ephippium  differs  considerably  from  that  of 
pulex.  It  is  more  rounded,  white  at  the  centre,  with  a  large  round  ampulla, 
containing  only  one  ovum.  When  the  animal  has  the  ephippium  on,  it  pos- 
sesses a  square  appearance,  and  is  the  D.  qaadrangula  of  MuUer.** 

This  is  one  of  the  commonest  species  in  many  of  our  lakes,  while  in  others  it  is 
replaced  by  the  pulex,  for  as  yet  I  have  not  seen  them  both  in  the  same  locality, 
fio^ttof .— Orassy  Lake,  Lake  Amelia,  etc. 
(See  Plate  VII.) 

Daphnia  tpineea,  Herrick. 

Description.— Qenenl  shape  of  the  Daphnia  pulex;  carapace  armed  at  the 
upper  posterior  nuurgm  with  a  rather  long,  serrated  spine.  The  first  of  feet  are 
long,  bristled  at  the  extremiiy  as  in  young  specimens  of  D.  pulex.  The  anterior 
antenna  are  larger  than  in  pulex  and  two-jointed  and  setsd-bearing  at  the  end. 
Posterior  antennsB  exactly  as  in  pulex.  The  eye  is  nearer  the  antennse  than  in 
other  species,  but  the  most  striking  peculiarity  is  the  pointed  spine  formed  by 
the  front  of  ihe  head,  which  is  very  marked.  Carapace  not  obviously  reticulated, 
transparent. 

HabUat.— Found  in  Lake  Calhoun,  but  not  in  large  numbers.    It  seems  to  in- 
habit the  deeper  waters. 

(See  Plate  XIII.,  p.  1.) 
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OEiHTs  Maorothfix. 

(Sig. — long  hair.) 

Bibliography.— Mojcroihiix,  Baird,  Ann.  Mag.  Nat.  Hist.,  XI,  87,  1843,  and 
XVII,  412;  Trans.  Berw.  Nat.  Hist,  club,  ii,  149. 

Daphnia,  M,  Edwards,  Hist.  Nat.  Crust.,  iii,  384. 

Muller  (?)  Entomost. 

Lynoeus,  Deamarest,  Cons.  (}en.  Et.  Part.  Crust.,  376. 

Monoculus,  Jumine,  Hist.  Monoc.  Gfenerc. 

Acanthocercas,  Schulder  Ericks,  1846. 

Macrothriz,  Dana,  Wilkes'  Ezplos.  Exp.  Report. 
Characters. — Head,  beneath,  either  subacute  or  rather  obtuse,  anterior  antenns 

rather  long,  pendulous  from  the  beak,  eye  accompanied  by  a 

rather  large  black  •pot  at  the  base  of  the  attennse ;  seta  fiom  first 

jomt  of  anterior  branch  of  inferior  antennse  much  longer  than 

the  others. 

Maorothrix  agilh,   Herrick. 

Description. — Head  shield  (as  seen  from  above)  very  nearly  bquare;  body  car- 
apace pear  shaped;  eye  smaller  than  in  Daphnia  and  accompanied  with  a  rather 
larffe  black  spot  similar  to  the  obvious  spot  in  Lynceus,  but  even  larger.  Superior 
antennse  very  long  in  comparison  with  other  members  oi  the  family.  Infaior 
antennse  rather  large,  armed  with  large  setse,  of  which  the  spine  from  the  end  of 
the  first  joint  is  extremely  elongate  and  plumose,  nearly  as  long  as  the  body. 
This  joint  also  has  a  small  spine  on  the  opposite  or  upper  side  of  the  ramus. 

The  spine  from  the  second  joint  is  larger  than  in  Daphnia,  The  final  joint 
bears  a  small  spine  also  in  addition  to  the  three  setse.  (In  the  drawing  both  of 
the  rami  have  the  elongate  seta.  This  may  be  a  mistake  in  the  observation, 
which  was  made  in  some  haste.) 

The  jaws,  feet,  and  posterior  segments  of  the  body,  are  similar,  as  £ftr  as 
observed,  to  like  organs  in  Daphnia. 

The  lower  and  posterior  part  of  the  margin  of  the  carapace  bears  a  number  of 
long  stout  spines  directed  backward.  The  posterior  body  filaments,  instead  of 
being  simple  or  only  plumose,  are  divided  at  the  extremity  into  four  small  bristles, 
forming  a  tassel  or  brush  at  the  end. 

The  intestine  is  not  convoluted  but  is  more  abruptly  curved  and  depressed  near 
the  head  than  in  Daphnia,  thus  approaching  Lynceus. 

The  motions  of  this  interesting  animal  are  lively  and  impetuous,  it  being 
assisted  by  the  long  filaments  of  the  antennse,  which,  with  the  body  spines  and 
strong  teeth  of  the  shell,  give  to  it  a  spider  like  aspect. 

This  species  difiers  materially  from  any  described  by  Baird,  or  any  other  author 
with  which  I  am  familiar,  but  even  if  the  elongate  filaments  should  prove  to  be 
common  to  both  rami  of  the  antennse,  it  must  fall  in  this  genus. 
Habitat, — Only  observed  in  Rocky  Lake,  a  small  pool  near  East  Minneapolis. 

Plate  XJV. 

GENUS  Lynoeus,  Muller. 

This  genus  was  r^'ected  by  Dr.  Baird  who  founded  upon  its  remains  a  numbes 
of  genera,  most  of  which  were  rejected  in  turn  by  Prof.  Dana,  who  recognized 
the  following: 
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Lynceus,  Eurycerctis  and  AUma, 

Lynceu8«^Eurycercu8  of  Dr.  Baird. 

Ewrycercus'^ChydoruB^  Percantha  and  Pleuroxm. 

AlotM^-Alona,  Acroperua  and  Camptocercus, 

In  the  fcenus  AUma,  he  says,  the  beak  divergee  &om  the  body  at  a  large  angle 
(60"  to  90**)  with  the  shell  adjoining,  while  in  LynceUs  it  is  usually  curved  par- 
allel to  it 

But,  as  Dana  himself  admits,  the  distinctions  are  of  doubtful  importance,  and 
it  would  seem  preferable  to  retain  Muller^s  old  genus  instituted  for  all  of  these 
forms  than  to  further  complicate  the  matter  until  a  large  amount  of  material 
shall  be  gathered  and  compared.  The  species  observed  will,  therefore,  be  briefly 
described  and  the  probable  place  in  the  rejected  genera  indicated. 

Lynoeus  maorourus.    Muller. 

Bibliography, — Lynceus  macrourus,  Muller ^  Dan,  Prod.,  2897. 

Latreille,  Hist.  Nat.  Crust.,  207. 

M,  Edwards,  Hist.  Nat.  Crust.,  iii,  388. 

MonoculuB  macrourus,  Genelin,  Syst.  Nat,  3008,  No.  65. 

Monoculus  macrourus,  Manuel,  Enc.  Mith.,  vii,  733,  No.  68. 

Fdbricius,  Ent.  Syst.,  ii,  499. 

Camptocercus  macrourus,  Baird,  Ann.  and  Mag.  Nat.  Hist,  ii; 
Trans.  Berw.  Nat  Club,  ii,  150;  British  Entomost.  p.  128. 
Description, — Carapace  pear-shaped,  taransparent,  finely  lined  longitudinally, 
sinnated  on  the  lower  margin,  which  is  ciliated  lor  most  of  its  length.  Head 
rather  small,  with  a  short,  bluut  beak  projecting  straight  dowu wards.  Superior 
antennsB  rather  large,  situated  about  half  way  from  the  extremity  of  the  beak  to 
the  body.  Inferior  antennse  long,  with  long  setaa  at  the  extremity,  eyes  small,  first 
pair  of  feet  large,  abdomen  very  long  and  slender,  serrated  with  well  marked 
teeth  on  the  posterior  edge  and  terminating  in  the  usual  pair  of  claws.  The 
extreme  length  and  narrowness  of  the  abomen  formed  the  basis  of  the  genus 
camptocercus  of  Dr.  Baird,  this  species  being  the  only  one  described  under  it. 
The  intestine  is  convoluted,  and  there  is  an  opening  near  the  juncture  of  the  last 
segment  of  the  abdomen  with  the  rest  of  the  body  from  which  a  long  vessel 
begins  and  extends  above  the  stomach,  as  at  (a)  Fig.  1,  Plat6  XV.  This  species 
is  quite  abundant. 

Lynoeus  quadrangularis,  Muller. 

Bibliography. — Lynceus  quadrangolaris,  Muller,  Zool.  Dan.  Prod.,  No.  2393, 

1876.    . 

— LatreilU,  Hist.  Crust.,  208. 

Baird,  Trans.  Berw,  Club. 

M,  Edwards,  Hist.  Crust,  iii.,  388. 

Kock,  Deutsch.  Crust.  L.  XXXVI. 

Monoculus  quadrangulus,  Ginelin,  Maduel, 

Monoculus  quadrangularis,  Fabricius, 

Monoculus  8triatus(  ?)  Jurine. 

Alona  quadrangularis,  Baird,  Ann.  and  Mag.  Nat.  Hist.,  ii.  92 

Trans.  Berw.' Club,  ii.  151; 

Entomostraca,  p.  131. 
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Description, — Carapace  ovate  quadrangular,  but  somewhat  variable,  b^g  m 
some  specimens  quite  abruptly  rounded  on  the  posterior  margin,  while  in  others 
it  is  almost  tnin<^;  shell  of  a  yellowish  or  brown  color,  heavily  marired  and 
ciliated  below.  Beak  blunt,  varying  in  position  in  different  individuals.  Abdo- 
men flat,  sinuated  at  the  extremity  and  bearing  long  daws.  Anterior  antflnniB 
of  moderate  size.    Eye  rather  large.    Larger  antennae  rather  long. 

Total  length  between  .03  and  .04  in.  This  speaes  is  also  quite  abundant, 
and  if  I  am  right  in  referring  it  to  the  L,  quadrangtdaris  of  Muller,  is  quite  vari- 
able. Drawings  made  from  individuals  collected  at  different  localites  on  com- 
parison show  minute  differences  of  form  and  markings.  The  intestine  is  strongly 
convoluted  in  this  species,  but  the  dark  color  of  the  shell  usually  interferet  with 
observations  of  the  organs  within. 

Plate  XV.  fig.  2. 

Lynoeut  tphariout,  Muller.  (?) 

Bibliography. — Lynceus  sphaericus,  MuUer, 

Latreille, 

Lamarck. 

Deamarest. 

Baird. 

M.  Edwards, 

Prichard, 
Koch. 


Monoculus  sphaericus,  Chnelin. 

Manuel. 

FabtHcius. 

Jurine. 
Monoculus  infusorius,  Schrank. 
Eichom. 


Chydorus  Mulleri,  Leach. 

Chydorus  sphsencus,  Baird,  Ann.  and  Mag.  Nat  Hist  ii.  89,  t.  2; 
Brit  Entomst.  p.  126. 
Description. — Baird*s  description  of  this  species  is  applicable  to  any  one  of 
several  almost  equally,  and  the  only  recourse  seems  to  be  a  reliance  on  the  figure 
he  gives  with  which  our  species  seems  to  correspond  quite  well. 

The  shell  is  round  and  nearly  blunt  behind,  the  antennae  are  quite  small,  so 
that  the  animal  rolls  slowly  along  like  a  corpulent  sailor  on  land.  Not  enough 
attention  has  been  devoted  to  this  and  the  following  species  of  the  genus. 
Length,  .03  in.    Plate  Xlll,  fig.  2. 

Lynoeut  sp.? 

See  L.  (Pleurus)  trigoneilus,  P.  undnatua  etc.  cf  Balrd. 

The  animal  figured  in  Plate  XH,  Fig.  3,  evidently  belongs  to  the  genus  Pleu- 
roxus  of  Baird.  In  examinmg  several  spedmens  the  turned  up  beak  was 
found  in  several  cases  while  in  others  it  was  seen  as  represented  at  (3a)  of  the 
same  plate.  Dr.  Baird  separated  two  spedes  on  the  ground  of  this  variatioiLt 
but  it  does  not  seem  to  be  a  specific  character.  The  length  is  .03  in.  in  the 
spedes  seen,  and  except  that  the  shell  is  longer  in  proportion,  agrees  pretty  wdl 
with  L.  trigoneilus,  Muller. 
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Lynoeut  tp.? 

Another  member  of  the  genus  differing  from  any  description  met  with  is  shown 
in  plate  XYI.  It  is  the  smallest  form  seen,  not  exceeding  .02  in.  The  feet  are 
XNToportionally  large,  as  is  the  eye,  while  the  antennae  are  quite  small. 

FAMILY  Botminido. 

This  £Eunily  has  been  removed,  by  Prof.  Dana,  (justly  it  would  seem  to  us) 
firom  Dahpnidce,  The  general  appearance  is  unique,  and  the  characteristics  of 
the  superior  antennae  places  the  only  member  in  the  single  genus  composing  this 
family  at  quite  a  distance  irom  Daphnia  and  its  aUies. 

Characteristics. — ^Foliaceous  feet,  ten  in  number;  anterior  antennae  elongate  and 
many-articulate. 

OENIT8  Botmina. 

• 
Bibliography.— BaphmSLj  M.  Edtoards.  • 

Deamarest, 

Baird. 

Monoculus,  Jurine. 
Lyncens,  MtUler. 

Latreille. 

0         Bosmina,  Baird^  Trans.  Berw.  Nat.  Club,  1845;  Ann.  Mag. 
Nat  Hist.  VI.,  412. 
Note.    (Name)— "Bosmina,"  a  daughter  of  Fingal. 
Generic  characters. — Superior  antennae  long,  curved,  cylindrical,  consisting  of 
many  small  articulations,  and  projecting  from  the  extremity  of 
the  beak;  inferior  antennae  small  as  compared  with  size  of  the 
body, 

Botmina  longirottrit. 

Bibliography. — Lynceus  longirostris.  Mutter,  Zool.  Dan.  Prod.,  No.  2394;  Ento- 

most.,  76. 

LatreUle,  Hist.  Nat.  Oust  IV.,  206. 

Fabricius,  Ent.  Syst.,  ii.,  499. 

Monoculus  comutus,  Jurine,  Hist.  Nat.  Monoc 
Daphnia  oomuta,  Desmorest,  Oons.  Gfen.  (Urust. 

Baird,  Ann.  Mag.  Nat.  Hist,  ii.,  257. 

M.  Edward,  Hist.  Nat.  Crust.,  lii.,  382. 

Bosmina  comuta,  Baird,  Trans.  Berw.  Nat.  Club. 
Eunica  longirostris,  Koch,  Deutsch  Crust.,  h.  XXXV.  t.  23. 
Description. — General  form  varying  &om  nearly  square  to  an  irregular  pear 
shape  (the  large  portion  anterior);  carapace  terminated  on  the  lower  posterior 
margin  by  short,  curved  spines.  Head  of  moderate  size,  eye  large,  superior  an* 
tennae  long,  projecting  from  the  beak,  consisting  of  many  articulations,  the  sev- 
enth joints  furnished  with  setae.    Inferior  antennae  small.    Ova  few. 

The  length  of  this  animal  is  less  than  .02  in.,  which  makes  it  a  difficult  matter 
to  clearly  discover  the  structure  of  the  organs. 

The  superior  antennae  are  nearly  immovable,  and  being  closely  in  juxtaposition, 
give  the  appearance  of  a  long,  jointed  beak  or  trunk.    In  fdct  the  first  idea 
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snggeBted  by  this  bizarre  creature  is  a  pecnliar  borleaque  on  the  elephant  It 
requires  favorable  hght  and  a  high  power  to  study  the  nature  of  the  antennaB. 
The  feet  are  apparently  wider  than  in  Daphnia.  Under  a  favorable  li^t,  the 
carapace  is  seen  to  be  reticulated  with  hexagonal  cells  (at  least  near  the  edge)  and 
is  covered,  in  some  specimens  at  least,  by  exceedingly  minute  tubercles.  The 
motion  is  steady,  progressive,  anfl  not  saltatory,  as  in  many  Daphniw,  which  is 
due  (as  in  Lyncese)  to  the  shortness  of  the^tennsB.  The  species  from  which 
this  description  is  drawn  may  be  distinct  from  the  longirostris  of  Baird,  but  on 
comparing  both  alcoholic  specimens  and  drawings  made  from  living  spedmens,  no 
differences  of  importance  were  detected.  The  reticulated  and  tuberculated  nature 
of  the  shell  may  be  a  local  variation,  or  may  have  easily  escaped  his  notice.  The 
form  of  the  shell  demonstrably  varies,  and  so  probably  does  the  number  of  appa- 
rent joints  to  the  superior  antennae.  The  species  was  found  in  only  one  locality, 
having  been  dipped  with  a  bottle  from  the  bottom  through  the  ice.  but  the  time 
of  collection  is  lost.  Later,  careful  search  was  made  during  autumn,  but  no 
specimens  rewarded  the  pains.  The  markings,  and  jointing  of  the  antenna 
wotQd  make  good  tests  for  microscopes  of  moderate  power,  for  such  as  are  inter- 
ested in  this  subject. 
Habitat, — ^Johnson's  lake,  Minneapolis. 
(See  Plate  XVII.) 

TBiBB  m.  GTPBOiDBA.    Dana. 

CAaroder*.— Dana  gives  the  following:  "  The  Cyproidea  differ  from  all  oOier 
Crustacea  except  the  Lemceoids  [and  Rotatoria]  in  the  absence 
of  the  pairs  of  appendages  belonging  to  all  the  ncnmal  cephalo- 
thoradc  segments  posterior  to  the  eighth,  that  is,  to  the  six 
posterior  of  these  segments.  The  last  two  of  these  six  pairs 
are  obsolete  in  all  the  Lophropoda;  and  in  the  Cyclopoidea  and 
Daphnioinea  the  first  four  of  them  are  natatory  and  foliaoeous, 
together  with  also  another  pair,  next  anterior  in  most  spedee. 
The  pairs  of  appendages  present  in  the  Cyproidea  posterior  to 
the  mandibles,  in  number  four  pairs,  are  divided  variously  be- 
tween mouth  and  legs.'*  This  tribe  embraces  two  familiet,  only 
one  of  which  is  represented  in  our  localily,  and  aside  from  the 
general  characters  of  the  oceanic  fiamily  we  must  confine  oarselYei 
to  the  other. 

FAMILY  I.  Cyprida.    Dana. 

Characters, — ^Antennee  of  the  second  pair  subterete,  three  to  five-jointed.  Man- 
dibles two-branched,  the  main  branch  or  body,  denticulate  at 
the  extremity,  the  minor  branch,  or  palpus  several-jointed,  palpus 
remote  from  the  apex  of  the  mandible;  eyes  with  their  pigments 
umted,  minute,  with  spherical  lenses.  Feet  either  two  or  if 
more,  slender  and  pediform. 

BUB-FAMILT  1.  CYPBIKiB.     Dana. 

Bibliography. — Cypris,  Mutter  and  others* 

Cyproides  (in  part)  M.  Edwards,  Hist.  Nat.  Crust. 
Cypridse  (in  part)  Baird,  Trans.  Berw.  Club,  ii,  158. 
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Cypridaa,  Baird,  Brit.  Entomoet,  p.  180. 
Characters, — ^Feet,  two  pain;  anterior  slender  and  pediform,  posterior  weak;. 

Abdomen  elongat^  bearing  two  clawed  appendages. 
The'cyprinffi,  in  common  witib  aU  tbe  members  of  tbis  tribe  are  enclosed  in  a 
brittle,  mnssel-like  shell  which  hides  from  view,  in  general,  all  of  body  and 
members,  except  the  extremities  of  the  two  pairs  of  antennae  and  a  ptdr  of  feet. 
They  Tary  in  size  from  an  animal  of  sufficient  size  to  be  easily  watched  with  the 
naked  eye,  and  resembling  a  small  Unio  in  shape  and  color,  to  creatures  so* 
minute  that  it  is  with  the  greatest  difficulty  that  the  valves  of  the  shell  are 
removed  without  destroymg  the  parts  within  completely.  This  peculiarity  of 
these  animals  renders  them  among  the  most  difficult  in  all  this  order  to  study. 
The  sheU  is  usuaUy  opague.  and  sometime  beautii'ully  colored  and  fringed. 
When,  however,  the  soft  parts  within  are  separated  from  the  crustaceous  envelope 
the  beauty  and  peculiarity  of  the  structure  well  repays  the-  student.  The  shell 
ii  composed  of  two  valves,  which  are  only  united  for  a  short  part  of  the  dorsal 
margin,  and  which  are  held  together  by  muscles  which  are  under  the  control  of 
the  animal.  These  valves  are  symetrical  with  each  other  in  general  and  are 
covered  by  a  sort  of  varnish,  which  seems  to  repel  the  water  so  that  when  the 
creature  takes  air  within  the  valves  of  the  shell,  and  hence  floats  upon  the 
surface  it  is  impossible  to  cover  it  with  water  to  prevent  the  glitter  from  the 
surface,  while  tiie  air  within  prevents,  by  its  refraction,  a  view  of  the  interior 
in  such  as  are  transparent.  On  removing  the  shell  the  body  is  seen  to  consist  of 
two  parts,  of  which  the  anterior,  or  cephalothorax,  is  considerably  the  larger 
and  is  furnished  with  organs  as  follows:  first,  the  eye,  situated  on  the  upper 
portion  of  the  anterior  aspect,  which,  according  to  Baird,  has  no  crystallines. 
By  Dana,  however,  two  lenses  are  described;  second,  the  superior  antennee,  which 
are  in  general  seven-jointed,  and  setigerous.  These  organs  are  always  kept  in 
vigorous  motion  when  the  animal  swims.  The  setee  are  sometimes  plumose ;  third, 
the  inferior  antennee.  These  are  more  like  feet  than  antennaa  and  are  fiveP- jointed, 
and  in  one  genus  abundantly  covered  with  (sometimes  plumose)  setae.  In  all 
they  are  furnished  with  strong  daws  at  the  extremity;  fourth,  mandibles,  which 
are  composed  of  two  parts,  the  main  portion  consisting  of  a  triangular  plate 
terminating  below  in  a  curved  neck,  bearing  at  the  end  a  number  of  teeth.  From 
the  base  of  the  neck  arises  a  second  portion,  which  is  three  .or  four-jointed  and 
setigerous.  From  the  end  of  the  first  joint  of  this  palpus  springs  a  small  plate 
(branchial?)  which  has  several  fine  filaments;  fifth,  first  pair  of  maxillse.  These  • 
organs  consist  of  a  basal  portion  and  the  proper  maxillae  which  are  of  two  rami,  - 
each  ramus  being  furnished  with  setae.  There  is  also  an  attached  branchial  plate 
extending  within  the  shell  directed  upwards  and  backwards;  sixth,  maxillipeds. 
These  organs  vary  in  CJypris.  As  figured  by  both  Dana  and  Baird,  they  are  of  two- 
rami,  or  have  a  * 'maxillary  process,*'  but  in  the  species  of  Candana  here  figured 
they  seemed  to  resemble  the  maxillipeds  of  the  CycU>poidea\  seventh,  first  pair  of 
feet.  These  are  five-jointed  and  terminate  in  a  strong  hooked-claw  which  is 
directed  forward,  opposing  the  second  pair  of  antennae. 

The  second  portion  of  the  body  or  abdomen  has  but  two  sets  of  appendages^ 
which  are  the  second  ptdr  of  legs  and  the  caudal  stylets.  The  second  pair  of  legs, 
are  slender  and  four-jointed,  and  are  directed  backward  along  the  abdomen^ 
The  caudal  appendages  are  long  and  terminate  in  two  claws.  The  anus  opens 
between  them.  Of  t^e  other  organs  Httle  or  nothing  is  known.  Baird  was  in 
doubt  whether  they  were  hermaphrodites  or  one  copulation  sufficed  to  render 
the  mother  and  her  offspring  fertile  for  life,  as  in  Daphnia,    I  have,  however, 
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observed  copulation  in  Cypria^  and  the  peculiar  org^ans  represented  in  the  plate 
of  Cypris  seem  to  be  restricted  to  the  male,  so  that  it  is  certain  that  the  sexes 
are  distinct 

These  mmute  creatures  moult  frequently,  casting  off  in  the  process  the  minu- 
test hairs  as  well  as  the  shell. 

This  sub-family  contains  two  genera,  both  of  which  are  represented  by  a  few 
abundant  species  within  our  limits. 

OBNUS  1,    Cyprit,  Muller. 

C^oract^r^.— Antennae  of  the  second  pair  furnished  at  the  end  with  a  bundle  of 

long  hairs,  by  means  of  which  the  ammal  swims  freely  in  (he 

water.    Ihe  structure  is  that  of  the  sub-fiunHy. 

It  is  very  difficult  to  characterize  the  species,  and  it  will  be  necessary  to  lely 

diiefly  on  the  figures,  since  there  is  little  variation  in  internal  structure  between 

the  species. 

Cyprit  vidua,  Muller.  (?) 

Bibliography. —OYVvys  vidua,  Muller,  Zool.  Dan.  Prod.  No.  2384. 
LatreilU,  Hist  Nat.  Crust.,  IV.  245. 


-Bosc,  Man.  d^Hist  Nat  Crust. 
-Deamarestf  885,  t.  55,  p.  4. 
-Baird,  Trans.  Berw.  Club,  ii.  152. 
"M,  Edwards,  Hsst.  Nat.  Crust.,  iii.  \ 


Monoculus  viduus,  OmeUn,  Linn.  Syst  Nat,  3002,  No.  42. 

Manuel,  Enc.  M6th.,  vii.,  726,  No.  86. 

Jurine,  Hist,  Nat.  Monoc,  175. 

Rees,  Cyclopedia,  art,  Monoc. 

Monoculus  viduatus,  Fabrieius,  Ent  Syst.,  ii.  496. 
(I  here  give  Dr.  Baird's  description  verbatim  for  comparison  with  the  figure.) 
Description, — *'  Shell  of  oval  form,  a  little  sinuated  on  the  under  nuurgin,  and 
beset  all  round  with  dense,  fine,  short  hairs.  The  color  is  dull  white,  and  ^3ctid 
valves  are  distinctly  marked  with  three  black,  somewhat  waved  hadsb  rummur 
transversely  across  the  shell  at  equal  distances,  the  most  anterior  of  the  three 
being  smallest.    Posterior  margin  rather  narrower  than  anterior." 

This  species,  if  it  be  the  one  figured  beyond,  is  the  most  abundant  d  this 
fJBunily  here,  inhabiting  all  the  pools  and  lakes.  It  is  quite  small,  appearing  as  a 
small  speck,  either  fioating  on  the  surface  or  swinmiing  rapidly  about,  with  a 
sort  of  running  motion,  reminding  one  of  the  haste  of  an  excitable  man,  in  its 
seeming  uncertainty  and  briskness.  In  figure  1,  the  shell  is  represented  as  trans- 
parent, to  indicate  tiie  position  of  the  organs.  The  size  and  shape  of  the  dadc 
bands  upon  the  shell  vary  in  different  individuals. 
'  (See  Plate  No.  XVII.  fig.  1.) 

Cypria  neglecta,  Herrick. 

This  species  is  apparently  different  from  any  other  which  I  have  seen  described 
The  size  is  very  small,  little  exceedmg  .01  in.  in  length.  The  shi^>e  is,  as  seem 
from  the  side,  a  very  perfect  oval,  not  sinuate  below,  but  narrower  posteriory 


Digitized  by 


Google 


STATE    GEOLOGIST.  113 

than  in  front.  The  lower  edge  of  the  shell  is  rather  straight,  while  the  upper 
narrows  behind,  to  form  the  more  acute  apex.  The  color  la  dull  white,  without 
markings  of  any  kind.  The  shell  is  more  gibbous  than  any  of  the  other  speeies 
seen,  and  is  quite  glabrous. 

The  antennae  and  feet  are  not  protruded  as  far  as  in  vidua.  This  species  is 
also  abundant. 

Plate  No.  XVII.  fig.  2. 

GENUS  Candona,  Baird. 

•  Baird's  Brit.  Entomost.,  p.  151. 

Charactet*8. — Distinguished  from  Cypris  by  the  absence  of  the  tuft  of  long  hairs 
on  the  secondary  antennae,  and  the  consequent  creeping  method 
of  locomotion,  and,  perhaps,  by  a  difference  in  the  form  of  the 
maxillipeds. 

Candona  ornata.   Herrick. 

Resembles  in  size  C.  lucens  of  Baird,  and  is  of  somewhat  the  same  shape. 
The  lower  posterior  margin  is  acute,  the  lower  margm  is  sinnated  and  the  whole 
margin  is  beset  with  hairs.  The  edge  of  the  shell  la  also  bordered  by  a  series  of 
of  markings;  the  antennae  of  the  second  pair  are  totally  without  setae  as  far  as 
observed;  the  shell  is  white  and  opaque  with  pearly  lustre.  This  species  is  not 
very  gibbous.    (See  Plate  No.  XX.,  Fig.  1.) 

Candona  (?)  alongata.    Herrick. 

Shell  reniform,  very  elongate,  white,  glabrous;  the  umbones  of  the  valves  are 
about  two- thirds  the  distance  from  the  anterior  to  the  posterior  dorsal  margin; 
the  portion  of  the  shell  anterior  to  the  prominence  thus  formed  is  narrower  than 
the  posterior.  It  is  questionable  whether  this  be  a  member  of  the  genus 
Candona  or  in  reality  a  Cypris.  The  animal  is  quite  large  and  the  structure  was 
more  clearly  made  out  than  in  the  above.  The  same  pair  of  bodies  seen  in  the 
male  Cypris  vidua  was  found  in  this  animal,  the  form  of  the  maxillipeds,  more- 
over, was  tound  to  differ  from  that  given  under  the  genus  Cypris  by  Dana.  It 
is  to  be  hoped  that  some  one  may  be  able  to  devote  a  little  patient  study  to  this 
group  and  clear  up  the  habits  and  structure  as  well  as  the  history. 


SUB-FAMILY  II.  CTTHEBIN^. 

Cytheridae,  Baird,  Brit.  Entomostraca,  162. 
Characters, —Feet  six,  all  slender,  alike  and  pediform. 
Gtnus  1.    Cythere,  Mutter, 
Shell  thin  and  light,  tail  short. 
Genus  2,    Cytherds,  T.  R,  Jones. 
Shell  oormgulate  or  tuburculate,  animal  unknown. 

FAMILY  II.     HALOCTPRIDiB. 

This  ftunily  indnds  two  sub-funilies  and  three  genera  of  oceanic  species  differ- 
ing in  almost  all  the  organs  from  the  above. 
8 
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suB-OBDER  PHYLLOPODA.     (sig.  Leaf-footed.) 

Bibliography, —FhyWopodA,  Latreille,  Hist,  Nat  Crust.,  IV.,  130, 1802. 

Leach,  Diet.  Sc.  Nat.  XIV.,  art.  Entomost. 

M.  Edwards,  Hist  Nat.  Crust,  iii.,  351. 

Desmarest,  Consid.  Gen.  Crust.,  367. 

J.  E,  Gray,  Synops.  Brit  Mus.,  1842. 

Burmeister,  Orgaoiz.  of  Trilobites,  34. 

-Lucas,  Ezplor.  Sc  de  TAlgerie,  Crust.,  81. 


Phyilopa,  Latreille,  Cut.  K^gne  Anim.,  ly.,  171. 
Branchiopodes  Lameliipedes  and  Branchiopodes,  Geans  (in  part), 
Lamarck,  Hist  An.  S.  Vert,  V. 
Characters, — Number  of  abnormal  feet  greatly  multiplied. 

TRIBS  I.     ARTSMIOIDBA. 

Family  1. — Artemiodse  (BranchipodidsB.) 
Family  1.-  Nebaiiadse. 

TRIBE  II.      APODOIDBA. 

Family  1.— Apodidae. 

TBIBB  III.     LIMKADIOIDBA. 

Family  1.— Limnioidse  (Estheridae.  ?) 

ARTSMIOIDBA. 

Bibliography, — Branchipiens,  Edwards, 

Branchiopoda,  Leuch. 

BranchipodidsB,  Baird. 
C^roctor^.— Cephaiothoraz  many-jointdd,  either  covered  by  the  carapace  or 

not.    Appendages  of  the  cephalothoraz  many,  foliaoeoua  and 

branchiform.  Eyes  peduncled. 
Artemioidea  includes  Chirocephalus,  (Branchipus)  Eulimene,  Artemia,  Bran- 
chinecta,  Eubranchipus,  Streptocephahis,  Nebalia,  etc.  These  agree  in  having 
peduncled  eyes,  divided  posterior  thoracic  legs  and  a  straight  abdomen  termi- 
nated by  spines  or  plates.  This  tribe  is  quite  naturally  divided  into  the  two 
families  of  which  Nebalia  constitutes  the  one,  while  the  remaining  genera  fall 
quite  readily  into  the  other. 

FAMiLT  ArtemiadsD. 

Bibliography, — Branchipoda,  Ijeach 

Branchipiens,  Edwards, 

Branchipidse,  Burmeister, 

Branchipusidse,  Baird,  1845. 

Branchipodidse,  Baird,  later. 

Most  modem  authors. 

Characters. — Cephalothorax  many-articulate  as  far  as  the  head,  but  nowhere 

covering  the  body.    Feet  foliaceous  and  numerous. 
Dana  subdivides  this  family,  forming  of  the  genus  Eulimene,  which  has  twenty- 
two  branchial  feet,  the  sub- family  EulimenitKe,  leaving  Chirocephalus,  Artemia^ 
etc.,  as  the 
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SUB-FAiaLT  CHIBOCBPHAIilNiB. 

Characters — ^Body  slender,  abdomen  long  and  many  jointed,  antennse  of  the 
second  pair  in  the  female  very  short  and  broad,  while  those  of 
the  male  are  prehensible. 

GENUS  Chirooephalus.    (Sig.  hand-headed.) 

Bibliography. -^hkoce^^haluB,  Prevost,  Jour,  de  Rhys.,  Ivii.,  37,  1803. 

Thompson. 

Branchipos,  M.  Edwards. 

Fischer. 

Latreille. 

— — —  Desmarest. 

Guerin. 

Lamarck^  etc 

Ino,  Schranky  1803. 

Oken. 

Cancer,  Shaw. 

Some  member  of  this  sub-family  was  found,  during  the  autumn  months,  in  a 
pool  by  the  road-side  but  no  accurate  drawings  were  made  and  attempts  to 
re-discover  it  have  failed,  so  it  remains  uncertain  what  species  it  was.  A  figure 
is  given  of  Chirocephalus  diaphanus  and  the  following  discnption,  mostly  from 
Dr.  Baird's  work,  will  serve  both  for  a  better  understanding  of  the  genus  and 
for  comparison,  when  other  specimens  are  obtained. 

The  head  cmrlsts  of  two  segments,  the  interior  of  which  is  more  slender 
than  the  anterior,  and  is  usually  called  the  '*  neck*" 

The  antennas  are  very  important  in  the  whole  group,  as  fumishing  basis  for 
classification.  The  superior  anteonse  are  alike  in  male  and  female,  and  are 
filiform,  straight,  many-jointed,  and  very  flexible.  At  the  extremity  are  a  number 
of  small  setsd.  The  joints  of  these  antennse  are  with  difficully  seen.  The  length 
equals  the  head.  The  inferior  pair  of  antennse  are  curious  organs,  from  which 
the  genus  derives  its  name,  and  have  been  mistaken  tor  madibles  and  various 
other  entirely  different  organs. 

They  are  essentially  prehensile  organs,  and  consist  chiefly  of  two  large  appen- 
dages, which  occupy  the  forepart  of  the  head,  and  are  curved  downward  toward 
the  thorax.  They  are  articulated  about  the  middle  of  then:  length;  the  first  joint 
being  large  and  fleshy  and  having  a  short,  movable,  conical  appendage  on  its 
external  edge;  the  second  being  curved,  pylindrical,  somewhat  flattened  at  its 
extremity,  and  bearing  a  strongly  toothed  process  at  the  base. 

Arising  from  the  base  of  the  first  joint  of  each  of  these  appendages  is  another 
set  of  organs,  called  by  Shaw  "the  trunk.''  These  each  consist  of  a  long,  flat, 
curved,  very  flexible  body,  composed  of  many  short  joints  the  edges  of  which  are 
acute,  giving  a  toothed  sppearance  to  this  organ.  From  the  outer  edges  of  these 
arise  four  long  and  flexible  appendages,  which  are  toothed  near  the  end,  and 
also  a  triangular  plate  which  is  folded  like  a  fan  when  not  in  use.  (This  is 
removed  in  fiigure  b  of  plate  1,  but  shown  at  d.)  These  organs  are  generally 
carried  rolled  under  the  head,  somewhat  in  the  manner  of  the  proboscis  of  a 
buUerfly,  being  only  visible  externally  as  a  protuberance. 

These  prehensile  organs  are  used  in  retaming  the  female  during  copulation. 
In  the  female  they  are  much  more  simple,  being  simply  two  flexible,  horn-like 
bodies,  canying  no0  of  the  appendages  which  pertain  to  the  male. 
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The  eyes  are  larg^e,  convex  and  compound,  and  are  situated  on  rather  large 
peduncles,  whirh  are  movable;  the  mouth  consisting  of  a  labrum,  a  pair  of  man- 
dibles and  two  pairs  of  jaws. 

The  thorax  consists  of  eleven  segments,  each  bearing  a  pair  of  branchial  feet, 
which  are  large  and  foliaceou8,.and  consist  of  three  joints.  The  first  is  the  larg- 
est, and  has  on  its  lower  edge  a  semicircular  branchial  plate,  which  is  furnished 
with  about  forty  plumose  hairs;  the  second  joint  of  the  feet  beara  on  its  inner 
side  three  projections,  each  of  which  sends  off  long  hairs;  the  third  joint  is  long, 
bearing  plumose  setae. 

The  abdomen  is  composed  of  nine  segments,  which  are  devoid  of  appendages, 
except  the  two  terminal  plates,  which  are  beset  on  their  edges  with  plumose  setse. 
In  the  female  there  is  an  external  oviferous  pouch. 

The  dorsal  vessel  or  heart,  commences  near  the  head,  and  traverses  the  whole 
length  of  the  bedy.  When  fully  grown  it  is  upwards  of  an  inch  in  length,  slen- 
der, of  a  cylindrical  form,  and  nearly  transparent.  The  male  has  a  reddish  tinge 
throughout.  The  tail  is  of  a  beantiiul  red;  ihe  basal  joint  of  the  prehensile 
antennae  a  bluish  green  tipped  at  the  end  with  red.  The  back  of  the  female  is 
bluish,  and  the  ovary  brown. 

These  are  beautiful  animals,  and  may  be  seen  in  fine  weather  balancing  them- 
selves, near  the  surface  of  the  pools  they  inhabit,  by  means  of  their  branchial 
feet;  but  when  disturbed  they  strike  the  water  from  right  to  left,  and  dart  away 
like  a  fish,  to  conceal  themselves  among  the  weeds  at  the  bottom  of  the  pond. 

GBNUB  Branohineota. 

Characters, — Form  rather  slender,  «with  the  medium  appendages  longest,  so  as 
to  somewhat  resemble  Afiemia  in  outline,  but  larger;  male  with 
rather  slender,  rounded,  two-jointed  claspen.  Egg-pouch  much 
elongated. 

GENUS  Eubranohiput.    (Yerrill.) 

Characters.— ^Bodj  robust;  made  with  large  head  and  very  stout  daspprs;  firs 
joint  of  claspers  much  swoolen,  capable  of  retracting  basv 
portion  of  the  second  joint  into  their  cavity;  second  joint  stoat 
at  the  base,  in  the  lypical  species  with  a  large  tooth  on  the  inside, 
the  outer  portion  tapering,  rather  obtuse.  Front  of  head 
between  the  claspers  bears  two  thin,  flat  tapering  appendages. 
Caudal  appendages  long.    Egg-pouch  short  and  thick. 

OBNUS  Strtptooephalut.    (Baicd.) 

Characters, — ^Male  claspers  long,  three-jointed,  tortuous;  terminal  point  sub- 
divided more  or  less  into  two  branches,  or  bearing  slander  ap- 
pendages. Male  organs  long  and  slender.  Egg'-poach  elcmgate 
oroonicaL 

OENUB  Artomia. 

Bibliography.— Ax^misi,  Leaeh,  Dist.  Sc.  Nat.,  XIV. 

Artemisus,  Lamark^  Hist.  An.  8.  Vert.  (2d  edit.) 
Artemis,  Thompson,  Zool.  Bet.,  104. 
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Characters, — Clasping  organs  three- jointed;  egg-pouch  short,  broad;  living  in 
more  or  less  saline  waters. 

The  members  of  this  genus,  which  will  be  often  refeired  to,  are  pecnliarlj 
interestmg  from  the  way  in  which  they  show  the  great  and  sudden  changes  that 
a  change  in  the  invironment,  is  competent  to  effect  in  animal  forms. 

Three  species  are  known  m  the  United  States,  one  of  which  is  found  in  the 
eastern  states,  another  in  Utah,  and  still  another  in  Caliibmia,  viz:  gracilis^ 
monica,  and  fertilis, 

SUB-FAMILT  BULBMSKIKJE. 

Characters. — ^Abdomen  almost  obsolete;  both  pairs  of  antennae  filiform. 
GBNUB  Eulimene.    (Latreille.) 

FAMILY    NEBALIDJB. 

Characters. — Antennas  large  and  ramiform;  eyes  peduncled;  ieet  twelve  pairs; 
carapax  large,  enclosing  head,  thorax  and  part  of  the  abdomen, 
as  in  a  bivalve  shell. 

GENUS  Nebalia. 

Bibliography. — Nebalia,  Leach^  Thompson,  Desmarestj  Latreille,  M.  Edwards* 
Bosc,  Lamarck,  etc.,  etc. 
Cancer,  0.  Fabricins,  Herbst..       r 
Monoculus,  Montagu, 
Myses,  Olivier, 
fieing  the  only  genus  in  the  family,  the  above  characters  also  characterize  the 
genus. 

TRIBE    II.      APHODOIDEA. 

Bibliography. — Apusiens  (in  part),  Edwards, 
Apodidae,  Burmeister. 
— — Baird, 

Characters. — Body  straight;  cephalothorax  covered  by  a  scuteliform  shell;  pos- 
terior appendages  of  the  thorax  lamsRiform;  abdomen  many- 
jointed)  eyes  sessile. 

FAMILY  Apodida« 

Bibliography, — Apus,  M.  Edwards,  Hist.  Nat.  Crust.,  ii.,  356. 

Phyllopoda,  Leach,  Edin.  Encyclop.  VII.,  art.  Crustaoeology. 

ApodidflB,  Burmeister,  organization  of  Trilobites,  34. 
Characters. — Of  large  size,  with  a  rounded  carapace  partially  covering  the  base  of 

the  abdomen,  which  is  elongate  and  ends  in  two  many-jointed, 

caudal  filaments;  about  sixty  pairs  of  swimming  feet;  antennae 

rudimentary;  first  maxillipeds  antenniform. 
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>    GENUS  Aput.    (Sig.  without  feet.) 

Bibliography, — ^Apns,  (see  above  for  family.) 

Monoculus,  lAnnieuSj  Fabricius. 

Binoculas,  Geoffray^  Leach. 

Limolus,  Muller,  Lamarck. 

Trilopes,  Schrank. 
Characters. — Aniennifonn  mazillipeds  long;  telson  squaiish. 

GENUS'  Lepidurus. 

Characters, — ^Body  much  shorter  than  in  Apus,    First  nuudllipeds  shorter,  and 
a  long,  spatulate,  keeled  telson  projecting  b^ond  the  insertion 
of  the  caudal  filaments. 
Query — Should  not  this  be  reunited  with  Apus  ? 

TRIBE  in.  LIMNADIOIDEA. 

Bibliography, — ipusieus  (in  part),  Edwards 

Characters, — Body  covered  completely  by  a  carapace  which  includes  abdomen 
and  head;  eyes  sessile,  like  Cyproidea  in  appearance. 

FAMILT  LtMNADJB. 

Characters. ^Bodj  compressed,  with  ten  to  twenty-seven  feet,  inclosed  in  a 
bivalve  shell. 

GENUS  LImnetls. 

Characters, — Shell  small,  round  globose,  without  lines  of  growth  or  umbonts; 
feet-bearing  segments  ten  to  twelve. 

GENUS  Limnadella. 

(Uncertain.    The  species  upon  which  it  was  founded  are  not  now  known.) 

GENUS  Ettherla. 

Shell  oval,  more  01:  less  globose,  Cyclas']ike  with  numerous  lines  of  growth, 
amber-colored;  animal  without  a  **  haftorgan'\'  second  antennae,  with  from 
eleven  to  seven ^«en  joints  to  the  flageUa;  from  twenty-five  to  twenty^seven  seg- 
ments behind  the  head;  feet  tw^ty-four  to  twenty-eight;  anterior  feet  in  the 
males  with  clumsy  hooks. 

GENUS  Limnadia. 

Shell  large,  with  four  or  five  lines  of  growth,  sub-triangular  or  broadly  ovate- 
animal  with  a  knob-hke  projection  C*hqftorgan^^)  above  the  eyes;  second  antennae 
with  nine  or  ten  joints  to  the  flagella;  feet  eighteen  to  twenty-six;  body  mac  h 
smaller  than  m  Estheria. 
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GENUS  Cyzlout. 

(Am  not  familar  with  any  description  of  the  f^neric  characters.) 

Remarks  on  the  Sub-Order. — The  species  of  this  sub-order  are  scattered  rather 
spanngly  oyer  the  world,  and  many  of  them  are  dependent  on  peculiar  circum- 
stances for  their  perfect  development,  as  in  the  case  of  Artemia  (or  Brine  Shrimp) 
which  is  found  in  the  waters  of  salt  lakes  and  in  the  brine  tubs  of  salt  manu- 
factories. 

Of  the  family  Ariemiadce  several  species  occur  throuorhout  the  United  States. 
No  Chirocephalus  has  been  found  west  of  the  Rocky  Mountains.  Artemia  occurs 
in  many  places,  as,  one  in  Great  Salt  Lake,  one  in  Mono  Lake,  California,  and 
one  in  the  eastern  U.  S.  The  genus  Branchinectas  which  has  a  representative  in 
Greenland  and  in  Labrador,  has  also  a  species  in  Ck>lorado,  12,800  feet  above  the 
sea.    I  am  not  informed  that  any  species  of  Nehalia  occurs  in  North  America. 

Tho  tribe  Limnadioidea  is  without  a  known  representative  east  of  the  Missis- 
sippi and  north  of  San  Domingo.  But  in  Greenland  and  the  arctic  regions, 
Lepidurus  glacialis  is  found.  West  of  the  Mississippi  and  east  of  the  Rocky 
Mountrins  are  three  species  of  Ajms,  and  there  has  been  another  found  on  the 
Pacific,  at  Cape  St.  Lucas.  Geologically,  the  genus  is  found  in  European  rocks 
in  the  Triassic,  and  our  own  rocks  will  probably  furnish  species. 

In  the  Phyllopoda  the  abdomen  and  thorax  are  merged  together,  and  in  all 
but  the  family  Artemiadce^  there  is  a  large  carapace  covering  most  of  the  body. 
In  the  Umnadidce  this  shell  is  large  and  double,  and  resembles  the  small  Cyclas 
shells  of  fresh  water,  and  are  often  collected  by  Conchologists  as  such,  llie  eggs 
are  round  or  polygonal,  and  are  dense  and  tough -vhelled.  The  eggs  are  carried 
in  an  ova-sack  similar  to  that  of  Cyclops^  or  in  the  lAmnadiadce,  They  are  borne 
under  the  shell,  as  in  Daphnia^  etc.  The  young,  as  in  other  Entomoetraca, 
hatch  from  the  egg  in  the  '*  Nauplius  stage''  described  more  particularly  under 
Cyclops,  The  difference  between  the  sexes  is  usually  sharply  defined.  The  pro- 
cess of  reproduction  is  very  interesting  in  many  species  of  this  sub-order.  The 
normal  method  of  reproduction  is  perhaps  less  common  than  what  is  known  as 
parthenogenesis,  or  virgin  reproduction.  The  eggs  are  produced  by  a  simple 
budding  process  from  the  ovary,  without  fertilization  by  the  male.  The  propor- 
tion of  males  to  females  is  very  small.  In  some  localities  the  males  are  entirely 
absent.  In  Artemia  the  amount  of  saline  matter  in  water  seems  to  vary  the 
comparative  number  of  males.  This  affords  a  carious  parallel  vrith  the  sexual 
changes  in  the  pupa  of  the  honey  bee.  The  saltness  of  the  water  not  only  affects 
the  young,  the  form  of  the  parent  also  varies.  Schmankiewitsch  found  near 
Odessa,  Russia,  a  species  of  Artemia,  and  by  studying  it  discovered  that  it 
changed  its  form  to  correspond  vrith  the  greater  or  less  saltness  of  the  water. 
Toward  the  end  of  the  summer,  when  the  rain  and  cold  weather  set  in,  the 
Artemia  increases  in  size,  and  the  July  generation  has  many  differences  from  the 
later  ones.  Ho  then  attempted  to  verily  his  observations  by  artificial  breeding. 
He  increased  the  concentration  in  one  case  and  lowered  it  in  the  other,  and 
found  that  after  a  series  of  generations  the  two  sets  of  animals  varied  between 
themselves,  and  also  both  differed  from  those  of  the  pond  from  which  they  came. 
He  also  learned  that  males  were  only  produced  in  water  of  medium  strength. 

In  the  genus  Apus  similar  parthenogenetic  broods  are  produced.  Siebold*s 
ezperimenHk  which  have  been  made  with  great  care  and  minuteness,  have  esiab- 
lished  this  tact  beyond  doubt. 
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There  is  great  need  of  farther  inyestigation  in  this  subject,  and  we  are  glad  to 
learn  that  it  is  about  to  receive  attention  from  so  competent  hands  as  Dr. 
Packard's. 

The  systematic  position  of  the  sub-order  is  still  a  matter  of  doubt,  and  it  is  not 
yet  possible  to  make  any  positive  classification  of  the  diyisions  of  the  EnUh 
mostraca, 

(See  Plates  XVIII.  and  XIX.) 
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ADDENDA. 


Since  these  pagfes  were  written  the  Balletins  of  the  Iliinois  Museum  of  Nat. 
Hist,  have  come  under  my  notice,  which,  aside  from  other  interesting^  matter, 
contain  descriptions  of  many  n&w  species  of  Crustacea  inhabiting  the  water  of 
that  state.  Fine  description^  are  given  of  the  followmg  species  of  Entomostraca, 
to  which  the  student  is  referred,  viz : 

Eubranchipus  serratus^  Forbes. 

Canthocamptua  Illinoisensis^  Forbes. 

Diaptomua  Sanguitieus,  Forbes. 

Eubranchipm  Bundyi,  Forbes. 

In  Bulletin  No.  2,  Prof.  Forbes  describes  or. mentions  the  following: 

Eurycertms  lamillatust  Mull.  ? 

Bosmina,  sp.? 

Ceriodaphnia  angulata,  Say. 

Daphnia  pulex,  L.  ? 

Daphnia  galecUafSairs, 

Later  study  shows  that  there  is  yet  much  to  be  done  in  shnply  verifying  the 
species  which  occur  here,  not  to  mention  the  ever  remaining  opportunity  for  more 
minute  study  of  the  structure  of  known  forms,  for  aside  from  the  whole  genus 
Cyclops f  which  has  not  yet  been  attempted,  and  contains  numerous  species,  new 
species  are  constantly  being  met  with,  among  which  are  those  descnbed  beyond . 

FAMILY  PENILIDiG. 

Genus  Daphnella.    Baird. 

Bibliography. — Daphnella,  Baird,  Brit.  Entomost.,  809. 

Dam,  Wilkes'  Exp.  Crust.,  page  1267. 

Another  member  of  this  interesting  family  has  been  found  since  the  text  was 
sent  to  press. 

The  genus  Daphnella  is  characterized  by  Dana  as  follows :  Posterior  antennae 
with  both  rami  two-jointed,  the  shorter  ramus  often  imperfectly  three-jointed : 
Head  oblong,  not  produced  beneath,  bearing  the  anterior  antennse  near  the 
middle.    Daphnella  differs  from  Sida,  which  it  greatly  resembles,  even  in 
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minute  structure,  in  the  number  of  joints  of  the  antenn»  and  from  Penilia^  in 
haying:  the  first  joint  of  the  longrer  ramus  shorter  than  the  second. 

The  branch  which  is  three-jointed  in  Sida  is  not  the  one  which  has  the  short 
terminal  joint. 

Daphn«lla  Winoh«lli.    Herrick. 

This  species  closely  resembles  Z>.  Wingii,  Baird,  but  I  have  noPiesitation  in 
pronouncing  it  distinct.  Length  .03  in.  Head  rather  short  Carapace  pear- 
shaped,  transparent  Superior  antennee  short,  but  appearing  on  either  aide  the 
head  when  the  animal  is  swimming,  they  appear  to  have  three  setee  at  the 
extremity.  Inferior  antennas  very  long,  as  long  as  body.  I'he  shorter  lamoi 
has  four  setse  on  the  terminal  joint  and  one  on  the  first  while  the  other  ramus 
carries  eight  on  the  terminal  joint  besides  one  that  is  much  shorter  thim  the 
others,  and  the  first  joint  has  four. 

The  tail  has  long  diverging  stylets,  and  seems  not  to  have  the  minute  teeth  oi 
the  D,  Wingii.  The  posterior  portion  of  the  front  of  the  shell-margin  is  ciliated 
or  spined.  The  back  of  the  head  seems  to  have  the  same  appendage  described 
in  Sida,  Ova  two.  Hiis  species  was  found  in  Minnetonka  creek  and  is  named 
in  honor  of  Prof.  Winchell. 

FAMILY  POLYPHEHID2B. 

Genus  Polyphemut.    Muller. 

Bibliography, — Polyphemus,  MuUer^  Cuvier,  LatreUle,  Straus,  etc. 

Baird,  Brit;  Entomost.  p.  111. 

Dana,  Wilkes'  Exp.  p.  1266. 

Characters— Body  incurved  toward  the  head  except  the  posterior  portion  of  tb& 
abdomen,  which  projects  backward  and  is  very  slender,  bearij^g  two  long  spines 
at  the  extremity.  Head  distmct.  Rami  of  posterior  antennse  three,  and  foor- 
jointed. 

Polyphemus  oooidentalis.    Herrick. 

Length  .25  in.  Body  excessively  incurved,  as  is  the  head.  Eye  large,  filling 
the  head.  Superior  antennae  apparently  obsolete.  Inferior  antennae  smalL 
Jaws  two  or  three-jointed,  three-toothed  at  the  apex.  Feet  four  pairs,  first  pair 
long,  apparently  four-jointed  and  three-dawed  at  the  end,  basal  portion  dliated 
on  the  posterior  margin.  Fourth  pair  of  feet  nearly  rudimentary.  The  abdo- 
men is  ver^  long.    Found  in  '*  Mud  Lake,''  south  of  Minneapolis. 

Euryoerous  lamellatus.    Muller? 

Several  specimens  belonging  to  Baird's  genus  Eurycercus  were  found,  and  as 
far  as  can  be  determined  they  are  not  specifically  distmct  firom  E,  lemeUat»s, 
though  they  are  less  in  size  and  have  a  few  mmor  points, of  difference. 

I  append  his  description,  omitting  the  bibliography: 

"Shell  of  an  olive  color;  rather  square-shaped,  ciliated  on  anterior  maigin; 
ventrioose  in  centre,  and  arched  on  posterior  edge.  Beak  rather  blunt  and  short 
superior  antennae  stout  somewhat  conical,  slightly  curved  and  terminating  in 
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fix  spines,  each  of  which  giyes  out  a  fine  seta.  Inferior  antennae  short  compared 
with  the  size  of  the  insect.  Anterior  branch  has  fiye  lonpr  filaments,  three  from 
the  terminal,  and  one  from  each  of  the  other  joints.  The  posterior  branch  has 
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DiapUmuM  paUidui,  Herrick.— Back  yiew  of  female.    (In  this  plate  ihb  i 

are  represented  far  too  short)    a,  maxilliped.    b,  fifth  pah:  of  feet   c, 
extremity  of  male  antenne.    d^  extremity  of  female  antsonn. 
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PLATE  III. 

Cyclops  quadricomis,  lAan, — 1,  mature  female  with  egg  sacks  oontaining  ova. 
<>f  ^gtC'  ^t  yoong  just  bom.  c,  young  eight  days  old.  <2,  young  fifteen 
days  old.  c,  young  seventeen  days  old.  a^,  mandible.  2/,  first  pair  of 
foot  jaws.    2,  side  view  of  mature  cydops. 
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PLATE  IV. 

Cyclops  quadricornit,  Var?— a,  last  pair  of  feet.    1,  2,  3,  4,  5,  feet.    6,  inferior 
antennae. 
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PLATE  V. 

CiutU^n'atnpttis  minvtus^  mr.  occidentalism  Herrick,  male. 
h,  do.,  side  view. 
t\  young,  or  Nauplius. 
ii\  nnderview  of  head  of  male. 
«.  iiKtemal  ovary  and  appendage  of  female. 
/  imtenna  of  male. 
//.  antennae  of  female. 
I.  foot  of  first  pair. 

L\  pppendanre  to  abdomen  of  female.    (Fifth  pair  of  feet.) 
ht  foot  of  second  pair. 
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PLATE  VI. 

Sida  crystalUnaj  Straos.    a,  5,  c,  feet  of  first,  second  and  last  pairs,    d,  jaw. 
f ,  extremity  of  abdomen.   /,  superior  antennse. 
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PLATE  VII. 

1.  Daphnia  reticulata,    a,  anperior  anteniue,    6,  heart. 
$,  Sida  erystalUna,    a,  head. 
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1.  Daphnia  pulex,  var.  1. 

2, var.  2. 

S. var.  3. 

(a)  foot. 
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PLATE  IX. 

Fig.  1.  Head  of  Daphnia  Sch»fferi  shofrinff  alimentacy  apparatus  eke,,  antenna 
remoyed.  a,  heart.  6,  stomadL  c,  ocBcom.  d,  tapeiior  antenna* 
By  eye.  /,  laXiram.    g,  jaw.    A,  B^  C,  Z>,  E^  one  of  each  pair  of  feet 

Fig,  2.  Superior  aatenne. 

Fig.  3.  Posterior  portion  of  bodj. 
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PLATE  X. 

DaphfUa  vetula, — 1,  under  yiew.  2,  side  riew.  S,  y«ang  extracted  from  egg. 
a,  one  of  the  leteB  from  the  ftntennse.  6,  jaw.  e,  base  of  the  two  rami 
of  the  superior  antenna,    d,  end  ot  abdomen. 
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PLATE  XI. 
Daphnia  pttuta,  male  and  feaiale.    «,  jawi. 
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PLATE  XII. 
Daphnia  mucronata,    a,  head  uid  eye. 
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1,  Daphnia  spmoBo^  Remek, 

2,  Ljfnceus  sp.  f 

3,  L^neeus  $ph<mieu$. 
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Plate  XIII. 
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PLATE  XIV. 
Macrcthrix  ngiliSy  Herrick.EfTwo  views,    a,  tail  spine. 
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PLATE  XV. 

i,  Lifneems  wtaerouruSf  Mailer,    a,  abdomen. 

2,  LjfneeuB  qwadrangulariSy  MuUer. 

a,  beak.    6,  jaws,    c,  end  of  antennsB. 
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Plate  XV. 
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PLATE  XVI. 

L    Boi'mhm  lofigirosiris.    a,  portion  of  shell,  superior  an teuiiiv. 
:it  Lijjtreus  sp.  ? 
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Plate  XVI. 
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PLATE  XVII. 

1.  Cypris  vidua,  Muller. 
1^. top  view. 

2.  Ctfpris  neglecta,  Herrick.^ 

a,  testicle,    by  maxilla,    c,  caudal  stylets,    d,  inferior  antennse. 
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PLATE  XVIII. 

0tiritcephalu8  diaphanua,    a,  head  of  female,    d,  head  of  male  with  daspen 
removed,    c,  head  of  male,    dj  appenda^  of  claspers. 
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PLATE  XIX. 
N^tiMt  Streptocephalus,  Artemia,  Apus^  Estheria  and  Limnetes. 


Digitized  by  VjOOQ IC 


The  Geological  and  Natural  History  Survey  of  Minnesota. 

MICROSCOPIC  ENTQM08TRACA, 


f^OTo'BiilfCdtKyf 


CCJfeM^/ei>rJf,t,t 


Plate  XIX. 


Digitized  by  VjOOQ IC 


Digitized  by 


Google 


Digitized  by  VjOOQ IC 


fLATE  XX. 
1,  Candmut  itmata.    2.  Candona  elongata.    2a,  testicle?    26,  maxillipeds. 
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PLATE  XXI. 

1,  Daphnella  Winchelli,    la  Embryo.    2.  Side  view  of  same. 

3.  Polyphetnus  occiderUalis.    Sa,  Ist  pair  of  feet    36,  3d  pair.    c.  jaw. 
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